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PREFACE 


ORGANIZATION 

The thesis entitled 1. SYNTHESIS ON TEMPLATES: THE 
.CHEMICAL SIMULATION OF THE ATP- IMIDAZOLE CYCLE, II. COMPETING 
PATHWAYS IN TEMPLATE SYNTHESIS: ALKALI MEDIATED RING-RING 
TRANSFORMATIONS IN 4 -QU JNAZOLONES consist of, Cor each part, 
five sections, namely, A. Introduction, R. Background, 

C. Present Work, D. Spectra and E. Experimental, 

SUMMARY OF THE PRESENT, WORK 


A unique example of template strategy in Nature is 
the ATP-lmldazole cycle wherein a daughter imidazole is grown 
on a mobile parent Imidazole via a cyclic pathway that is 
linked lo the biosynthesis of the purine code bases ATP and GTP 
as well as to the Imidazole amino acid histidine. The cycle 
is initiated by the parent, namely, protected 5-amino imidazole 
4-carboxamide by acceptance of: elements of formic acid to 
give 9-protected hypoxanthlne. This is aminated to adenine and 
then to, via sequence, specific lN-incorporation of ribose 

i 

phosphate, hydrolysis, Amadori rearrangement, enamination, 
cyclization and cleavage to the daughter histidine precursor 
and the parent imidazole template that now can initiate 
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another cycle. 

The chemical simulation of the salient features 
of the ATP-Imidazole cycle has been accomplished as a result 
of protracted endeavours. The ultimate objective was realised 
in stages of increasing complexity and sophistication. 

The chemical simulation of the ATP-Imidazole cycle 

was initially carried out on a model which possessed the 

operating part of the cycle, namely, the vicinal disposition 

of the -NH2 and -CONI^ units and substituting the more 

reactive imidazole moiety with a phenyl ring. Thus, all 

* 

early experiment made use of anthrani] amide (2.) rather than 
the N-substi tubed 5-aminoimida zole 4-carboxamide (1.) as 
the template. 

The strategy that led to the successful demonstration 
of anthran Llamide (2.) as a template for imidazole synthesis 
proceeded through the sequence, transformation to 4-qulna- 

zolone (4.), specific alkylation at the 3-location with either 

* 

phenacyl bromide or bromoacetone reaction with a primary 
amine leading to the formation of the daughter imidazole and 
the modified parent, which could be transformed to 2, to start 
another cycle. 


* 

These numbers refer to those presented in the thesis, 
Sections X.C. and II. C. 
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Spec i fie 3 N-allcylation oC 4-quinazol one (4.) was 
achieved by treatment of its conjugate base ~ generated with 
l equivalent of KOH — with phenacyl bromide in ethanol to 
give, in 40% yields 3-phenacyl 4 -quinazolone ( (6) . By a 
similar procedure 3-aceLonyl 4-quinazolone (7_) was prepared 
using bromoacetone m 50% yields. Compound 6. proceeded 
through tho cycle on reflux for 12 hours with benzylami ne 
(4 equivalents) and p-TsOI-1 (2 equivalents) leading to the 
template product 1 -benzyl 5-phenyl imidazole (8.) in 69% yields 
and anthrani Ibenzylamide (10 ) in 71% yields. The latter 
was transformed to the template, anthranilamide (2,) in 85% yields 
by treatment with methenesulphonic acid. Thus, the sequence 
oC events, represents synthesis of an imidazole on the template 
anthranilamide. In an analogous manner, 3-acetonyl 4-quina- 
zolone (7) was transformed to 1 -benzyl 5-methyl imidazole 
(9^, 55%, overall yield from anthranilamide 23.6%) and the 
amide K). (45%) . 

The selective formation of specifically 5-substituted 
N-protected imidazoles by the template strategy provides the 
best route to such compounds. 

The general utility of the template strategy for the 
preparation of 1 -protected 5~substituted imidazoles as well 
as for a variety of 1-substituted imidazoles has been further 


establ lshed. 
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The* reaction of 6. with octadecyi amine in refluxing 
xylene, promoted by p-TsOH, gave the daughter product, 1-octa- 
decyl 5-phenyl .imidazole (3A., 32%) with simultaneous formation 
of the anthranil octadecyl amide ( 13 , 35%) . In an analogous 
manner compound 7 when processed through the cycle gave 
t-octadecyl 5~methyl imidazole (12., 18%) and 31% of 13 . The 
novel lipids JLJL and 3J2 are of interest since they carry the 
biologically Important imidazole unit. 

I -Cyclohexyl 5-phenyl imidazole {1A_, 70%) and 
onthranilcyclohexyl amide (15, 65%) were obtained when 6 was 
processed through the cycle with cyclohexyl amine. 

The cyclic operations with anthranllamide illustrate 
that aspect of the ATP- Imidazole cycle which invoives the 
directed synthesis of an imidazole using a soluble template. 
Another facet oE the Natural cycle which is aesthetically 
more pleasing, Is the generation of a daughter Imidazole 

v 

from a parent imidazole template. This has been accomplished 
starting from 1-benzyl 5-amlno Imidazole 4-carboxamide (3J . 

v>* +• *** # 

1 -Benzyl 5-ami noimidazole 4 -car boxamide (1.) was 
transformed to 9-benzyl hypoxanthine (3j by treatment with 
formami de in 87% yields. Specific 3 N-alkylation of 3. was 
accomplished by treatment of its potassium salt-formed .in situ 
with 1 equivalent of KOH in EtOH - with phenacyl bromide 
to give 3. -phenacyl 9-benzyl hypoxanthine (16., 82%) , Compound 
16 on treatment with 4 equivalents of benzylamine in refluxing 
xylene for 12 hours in presence of 3 equivalents of p-TsOIi 
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qavc 36% of the daughter product 1 -benzyl 5 -phenyl imidazole 
(8J and 5-ammo 1 , N-dibenzyl imidazole 4-carboxamide ( 17 , 33%). 
Reaction of 17. with neat methane sulfonic acid at 125-130°C 
for 3 hours qave in 80% yield the parent template 1 , which was 
available to initiate the second cycle. 

1- Benzyl 5-am.l noimidazol e 4 -carboxamide (JJ in an 
analogous manner was transformed, via 3. to tbe corresponding 
I '-acetonyl 9~bcnzyl hypoxanthine JjL (66%) by treatment with 
bromoacetone and then processed through the cycle leading to 
the derived product, 1 -benzyl 5 -methyl imidazole (9., 30%) 

and 5~amlno l,N-dibenzyl imidazole 4~carboxaml de (1J7, 26%). 

In the ATP-Imidazole cycle the derived imidazole 

1 

3s transformed to histidine. Tn the present work this has 
been simulated. Selenium dioxide oxidation of £ Eollowed 
by Na BH^ reduction of the resulting aldehyde gave l~benzyl 
5-hydroxy methyl imidazole. This on deprotection (Pd/C/H 2 ) , 
reaction with S0C1 2 , Followed by alkylation with sodlo- 
acetami domalonic ester and hydrolysis gave dl-histidine, 
identical in all respects with an authentic sample. 

The cyclic template strategy leading to derived * 
imidazoles has also been illustrated with adenine, an actual 
participant in the natural ATP-Imidazole cycle. 

r- x *v 1 f * I »»* 

The reaction of 9-benzyladenine (JL£) with phenacyl- 
bromide in dry DMF at rt . gave, surprl singly, the bls-salt 20 . 


Compound 20 on treatment with hot water gave the monohydro- 
bromide 21. . Compound 21 _ when held at reflux in xylene for 
4 hours with 4 equivalents of benzy] amine gave a 38% yield 
of the daughter product 1 -benzyl 5 -phenyl imidazole (8). In 
addition, there was obtained a crystalline compound, for 
which, based on spectral and analytical data, structure 22. 
has been assigned (28%). 

Compound 22 when refluxed in xylene with 4 equi- 
valents of benzyl amine and 1 equivalent of p-TsOU Cor 
12 hours gave an excellent (88%) yield of the template 
product 1-benzyl 5-phenyl imidazole (8.) , thus demonstrating 
that the earlier conjecture to the effect that the template 
operations proceed via key enamine intermediate has much 
substance . 

In practice, the intermediate 22. can be bypassed 
by treatment of 21. with benzylamine and p-TsOF3 in refluxing 
xylene leading directly to derived imidazoles^ Thus, 2J_ on 

WH. « 

reflux in dry xylene with PhCPjNi^ ^ equivalents) and p-TsOII 
(2 equivalents) for 12 hours followed by work up qave 71% of 
the derived product 8.; with cyclohexylamine under the same 
conditions, 1 -cyclohexyl 5-phenyl imidazole was obtained in 
50% yields. 
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Unlike 9 -benzyladenine 19., the related 4 -amino qudna- 
zol me (23.) failed to yield an imidazole derivative. Treatment 
of 4 -amlnoquinazoline (23.) with phenacyl bromide (1.5 equivalents) 
In dry DMF at room temperature and work up as described for 20 , 
gave the 3N-monoalkylated salt 24., in 68% yields. The use of 
24 as a template for imidazoles was foiled because of preference 
for Dimroth rearrangement giving rise to 25., in 77% yields 
(CHART I.S.4). The reaction of 25. with benzylamlne (4 equi- 
valents) and p-TsOH (2 equivalents) in refluxing xylene for 
12 hours gave 4-benzylamino quinazoline (26.) in 56% yields. 
Treatment of 24. with PhCH 2 NH2 and p-TsOH in hot xylene gave 
none of the expected derived imidazoles. 

The successful demonstration using appropriate 

molecular moulds for the production of daughter molecules „ 

represents a new strategy in organic synthesis, but not 

1 * 

one that is alien to Nature. Such template syntheses allows 
wide variations in terms of the parent template, the steps 
involved in the cyclic operation and the nature of the 
derived molecules. 

An Important step in the ATP-Imldazole cycle is the 
hydrolytic cleavage of an alkylated adenine, resulting in 
the regeneration of the template amide grouping, A similar 
pathway with the model system, 3-substitute 4-qulnazolones, 
would result in the hydrolytic rupture of the 3,4-bond. 
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However, all such endeavours, which is the focus of the 
present work, did not succeed. Nevertheless these studies 
are noteworthy in that they have led to the demonstration 
of subtle, interesting and novel properties of these 
compounds . 

The reaction of 3-phenacyl 4 -quinazolone (6) in 
refluxing 0.4N NaOH gave anthranil ic acid (45,, 45%) and 

3 - am a no 2,4 diphenyl pyrrole (46,, 31%). The reaction thus 
resulted in the cleavage of the 1,2 and 3,4-bond of 6. leading 
to 45. and w-amino acetophenone, which on dimerization and 
loss of water yielded the pyrrole 46 . 

To steer the system from proclivity for 2,3 cleavage, 

the 2-blocked compound, 2 -methyl 3-phenacyl 4-quinazolone 

( 38 ) was prepared. The action of dilute alkali on J38, gave 

in quantitative yields, the novel aromatic tricyclic system 

54 , via compound 53,, demonstrating that this reaction is 

entirely controlled by the conjugate base of the 2-methyl 

grouping thus effectively precluding the 1,2 and 3,4-bond 
\ 

cleavage as well as intramolecular enolate addition. This 
propensity was entirely curbed with 2-methyl 3-benzamido 

4- quinazolone ( 56 ) which on treatment with dilute alkali gave 
only the triazole !57, arising from the expected 3,4-bond 
cleavage and the unwanted subsequent cyclizatlon involving the 
IN position. The latter tendency could not be overcome with 
2-phenyl 3-benzamido 4-quinazolone (61.), which again gave on 


% 
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reaction with dilute alkali, the triazole 63.. Compound 61. 
underwent hydrolytic cleavage in distilled water at 200°C 
leading to a multitude of products arising from the 3,4-bond 
cleavage. 

Thus, the hydrolytic experiments led to practically 
every possible mode of cleavage, an important exception being 
the formation of the anticipated derived product namely, 

t 

2,5-dLphenyl oxadiazole. 
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CHAPTER I 


SYNTHESIS ON TEMPLATES: THE CHEMICAL 
SIMULATION OP ATP- IM 3D AZOLE CYCLE 


I. A. INTRODUCTION 

* 


The ATP- Imidazole cycle represents a unique synthetic 
strategy of Nature. In this process, N-protected 5-amino- 
imidazole 4-carboxamide serves as a soluble template, in a 
cyclic process, leading to* a daughter imidazole 5-glycerol 
phosphate — which is then transformed to histidine — and 
the template which could start another cycle. 

4l 

1 

The chemical simulation of the salient features of 
the ATP-Imidazole cycle has been accomplished as a result of 
protracted endeavours. The ultimate objective was realised in 

I 

stages of increasing complexity and sophistication. 

The concept of the template strategy inherent in the 
ATP-Imidazole cycle and centred around the vicinal disposition 
of — NH 0 and — CONHL functions has been successfully 
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transplanted to a more practical anchor. Thus, anthranila- 
mide has been demonstrated as an excellent template for the 
synthesis of a range of N-protected 5 -substituted imidazoles 
which are usually obtained by involved procedures. The 
protocol here is, transformation to 4-qumazolone with 
DMF-acetal, specific 3 -N -alkylation with appropriate ligands, 
enanune formation with primary amines, cyclization and 
separation of the dauqhter from the parent, assisted by 
p-TsOll. 

In the second stage, the N-protected 5-aminoiraidazole 
4-carboxamide template has been successfully used to generate 
the daughter imidazole Via transformation to hypoxanthine and 
a sequence similar to that described above with anthranilamide . 

In this effort, the daughter 1 -benzyl -5-methyl imidazole was 

* ^ 

transformed to dl -histidine involving a novel SeO^ oxidation. 

< 

Finally, the multi-functional system adenine itself 
has been used as a template to generate daughter ImidazpJ e 
as Is the case in the Natural ATP-Imidazole cycle. As 
anticipated, alkylations here were comparatively complex. 
However, these endeavours not only provided daughter imidazole 
but also led to the isolation and characterization of an 
unusual pa rent -daughter complex which could be transformed to 
the template products. The characterization^ of this complex 
provides an insight into the mecha nism involved in these 
template opera 

*L „ ^ 

- $ " 



The successful outcome of endeavours pertaining to 
the simulation of the salient features of the ATP- Imidazole 
cycle has brought to focus the usefulness of structural 
units possessing vicinally disposed ~NH^ and -CONf^ functions 
or their equivalents, and anchored onto diverse ring 
systems, as possible parents for template synthesis. With 

i - 

this objective Information relating to such systems in 
literature has been collated Cor the first time and presented 
appropriate background for the present work in the following 
section (SECTION T.B). 
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I.B, BACKGROUND 


RING FORMING REACTIONS OF EN E-AMINOA C IDS : 

The ene-aminoacid unit is a readily available 
structural element widely affixed to aromatic and hetero- 
cyclic rings. The vicinally aligned functional groups of 
such systems enable the formation of diverse structural 
types of considerable importance. A comprehensive account 
of the properties of such systems and an analysis of the 
potential of these in template synthesis form the subject 
matter of this section . 

1 • RING FORMING REACTIONS OF ANTHRANIL IC ACID : 

1 • 1 BENZO XA ZONES : 

Anthranllic acid (1) is transformed to benzoxazones 
either with carboxylic acids or their equivalents. The 
resulting compounds possess an active carbonyl function and 
consequently are used for the preparation of a variety of 
heterocyclic systems. 

The reaction of compound I with carbonyl compounds 
results in the formation of dihydrobenzoxazones . 

The formation of benzoxazones involving two units of 
I and brought about with CH 3 S0 2 C1 constitutes an interesting 
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reaction' 

The type of the reaction and the nature of the 
products obtained are presented m TABLE. A . 

1 - 2 ISA TO I C ANHYD RIDE S: 

The reaction of I with derivatives of carbonic acid 
results in the formation of compounds called isatoic anhy- 
drides/ which are essentially cyclic carbamates. These 
compounds can effectively be used as starting materials for 
a range of heterocyclic compounds. The parent system can 
also be nitrated m good yields. The isatoic anhydrides 
can also be prepared in an indirect manner either by treat- 
ment with N, N-dimethyl carbamyl chloride In pyridine or 
via urethane formation and cyclization. A variety of 
N -substituted isatoic anhydrides could be prepared by Schiff 
bases derived either from I or its derivatives followed by 

reduction and reaction with ethyl chlorof ormate . The 

1 9 

reaction of I with thtoketane dimer results In the forma- 
tion of an analog of this system. These reactions are 
summarised in TABL E. B . 

1 • 3 UU1N AZ 0L0NES ; 

1*3.1 Formation of cruinazolones fro m I a nd fortnamides : 

The most simple method for the construction of a ring 
system from I is to interact the ene-aminoacid function with 



TABLE A 


6 


REACTION TYPE 


COOH 

^x^nh 2 

X 




2 


3 


4 



A ~CH 2 COCH 3 


5 


^6^11 ^OCl A — CgHt i 



a COR' 
COOH 

R'sCHs^Ph 



R * CH 3 , Ph 



6 

7 

7 


7 

(contd) 



TABLE A 


7 


REACTION TYPE (contd) 


X RING R Ref* 


R 1 R 2 N + =CCl 2 Cf 

0 

A 

-nrV 

8 

|| 

(R- C~0) 2 0 

RO 

,C-CH r HX 

r'n^ 

R =CH 3 

A 

— R 

9 

A 

ch 3 

10 

CCI3CHO 

B 

R* -CCU 

R - H 

11 

Ar—NH“N=C C“0 

1 1 

V 

A 

Ar-N — N 

A* 

12 

1 

Ph 


NHS0 2 M<z 


MgS 0 2 CI 

A 

-0 

13 

RC 6 H 4 CH=NC 6 H4C0Ct~0 

A 

~2i-^r R 

14 

Me 2 so 4 , ch 2 o 

B 

RsR'aH ; 1 ~Me 

15 


0 

B R«R« 16 



¥r Undergoes further cyctizatlon 


8 


TABLE B 


REACTION TYPE 




R "1 

f' 

A 

+ X 


v> 

o- 

°=< 



"^NHB 


kA 








B 

jR_ 


A 

JL 

JL 

A 

Ref. 

H 


OH 

H 

CICOOEt 

0 

17 

H 


OH 

H 

Me 2 N-COCl 

0 

18 

H 


OH 

H ^ X CN 19 

NC S n coor ' X COOR 



OCH 3 







nh 2 





Me 


OH 

ch 2 r / 

CICOjEt 

0 

20 

R' 

) 

F 

- 0 - 

o 2 n 

’ b > 
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f ormamides or their equivalents which carry a complementary 
functionality. Thus a variety oi quinazolones arise by 
reaction of I with f ormamides. The versatility of this 
reaction is best illustrated with the ready formation of 
tricyclic heterocycles by reaction with isoxazolidones 24 

25 

and cyclic lactam etheis . The reaction type is illus- 
trated m TABLE. C . 

3*3.2 Synthesis of guinea clones from I and thioformamides : 

The appreciably enhanced reactivity of thioform- 
amides enables the ready preparation of a variety of quina- 
zolones from I. The reaction of 2 , 2 1 -dipyridylthioformamide 

with I leading to quinazolones with exceptional complex 

2 7 

forming capabilities, is noteworthy . Of interest is also 

2 8 

the formation of tricyclic systems with 2-oxo 4-thiazolidones i 

I 

(TABLE. D) . ! 

1*3,3 The preparation of quinazolones from acvlated : 

i 

anbhranlllc acid (I) and amines s \ 

I 

In the earlier two types, synthons with capabilities 

I 

of forming the 1,2 and 3,4 bonds of the qulnazoline system 

were used. The needed bond formation could also be carried t 

i 

out frequently and usually starting with acylation of the 

i 

amino unit of 1 followed by reaction with the appropriate 
primary amine system. The versatility and controls in this i 

procedure are, as expected, better ( TABLE, ..E ) * j 

i 

|. 

i 

f. 

1 



TABLE D 
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REACTION TYPE 




^Ph 

CH 2 COPh 



^ >N N^CH 2 COPh 


26 



27 


28 




l 

I 



TABLE E 
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REACTION TYPE 



Z (o,m,p) 
Z = CI,N0 2 


Ph 

Ph 

33 

~CH 2 ~OPh 

0- 

3 4 

-CH 2 OPh 

Or 

34 
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1.3.4 The preparation of qmnazolones from I and ot-chloro , 
a-thio, a-thioalkvl and g-alkoxy inunes : 

The strategy cited above constitutes one of the most 
versatile routes to quinazolones and is particularly useful 
m the construction of polycyclic ring systems m a single 

O £ 

operation. Thus, 2-chloro pyrimidines , 2-chloro 

37 38 39 

pyri dines , 3-chloro pyrazines , 2-chloro benzothiazones , 

readily react with I resulting m the formation of quina- 

zolones. Several of such systems prepared have therapeutic 

importance. An interesting illustration of this reaction 

is the preparation of chiral quinazolones from imino-ether 

that could be readily prepared from the dipeptide prolyl- 
42 

glycine . The ease with which this type of reaction takes 

place is exemplified with the reaction of I and 2-mercapto- 

43 

oxadiazole leading to the expected quinazolones ( TABLE. F ) . 

1.3.5 Quinazoline ring formation involving X and nitriles ; 

Cyanamide and its derivatives readily react with X. 

leading to 2-amino quinazolines or their derivatives. An 

interesting reaction of I is the formation of 2-guanyl 
4 6 

4-quinazolones , on treatment with dicyanogen in presence of 
I1 2 S0 4 . This reaction presumably involves the Intermediacy of 
2-cyano 4-quinazolones. in the case of N-a Jkyl ated anthranillc 
acids which carry a 0-carbonyl function* the reaction with 
either cyanamide or malononitrile leads to quinazolones which 



TABLE £ 


w 


REACTION TYPE 



(R =ci ,no 2 ) (contd) 



TABLE _F 


REACTION TYPE (Contd. ) 
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47 

undergo further cyclization to tricyclic heterocycles 
(TABLE. G ) . 

1.3.6 The synthesis of quxnazolones from I and Isothiocyanates 
and Isocyanates : 

The electrophilic cumulative structural unit present 
m isothiocyanates and in isocyanates enables the ready 
formation of 4-quinazolones and is initiated by the nucleo- 
philic ammo groupinq . Under normal pH conditions, the 
isothiocyanates give rise to 4-quinazolone 2-thiols; on the 
other hand isocyanates usually afford, 2, 4-dioxoqulnazolines . 
The 2-thiol unit of the product 4-quinazolones ( vide supra ) 
enables various transformations. Thus, alkylation of this 

unit with a-haloacids or their derivatives leads to mesoionlc 
53 

systems . Alternatively thdd grouping can be replaced by 

tho azide function, by reaction with hydrazine followed by 

treatment with IINC^* This compound readily undergoes intra- 

49 

molecular cyclazation giving rise to tricyclic tetrazoles 
An interesting reaction is the formation of l,u)-bis 
4-qumazolones by reaction with the appropriate isothto- 
cyanates ( TABLE. H ) . 

1.3.7 Formation of 4-qulnazolones from anthranillc acid 
methvl ester bv reaction with DMF-acetals and amines : 

This method enables the preparation of 4-quinazolones 
in high yields under mild conditions ( TABLE. I ) . 
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TABLE „G 

REACTION TYPE 



A 

_x 

x 

X 

Ref. 

H 

-nh 2 

H 

nh 2 

44 

H 

-NHCOPh 

COPh 

nh 2 

45 

H 

-CN 

H 

^nh 2 

4 6 

0 

II 

~ch 2 -c~r 

nh 2 

H 

nh 2 

47* 

0 

II 

-CH 2 "-C-R 

ch 2 cn 

H 

ch 2 cn 

47* 


# Undergoes further cyclisation 



TABLE H 
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REACTION TYPE 


^XO°R 

OU + 

A 

w 




0 

c 

II 

Y 



kJ 


R s: H , Me 






X 


X 



Ref. 

K 

a 

s 



48 

•ch 3 


s 



49 , 60 

■o 


s 



51 



s 



52 

-St 

OMe(o,p) 


s 



53,54 

~(CH 2 )n“N=C:=S* 


s 



55 

Bz 


s 



6 6,57 

R 


0 



58 



0 



59 

Ph 


0 



60, 61 

HOOC-CH 2 


0 



62 


*~The bis-adduct Is formed 
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1.3.8 Formation of 4-qumazolones From ketene-imme 
intermediates : 

The reaction of I with either COCl^ or S0C1 2 leads 
to cyclic systems which readily undergo extrusion of either 
CO ^ or SO ^ leading to the generation of highly reactive 
ketene-imine intermediates. The latter undergo ready 
reaction with a variety of electron rich ir-systems leading 
to quinazolones. Table. J illustrates the utility of thLs 
reaction with particular reference to the formation of 
polycyclic 4-quinazolones ( TABLE. J ) . 

1.3.9 The synthesis of 4 -quinazolones from benzoxazones and 
amines s 

The reaction of benzoxazones (1.1) with amines 
constitutes an excellent procedure for the preparation of a 
variety of 4 -quinazolones ( TABLE. K ) . 

1-3.10 Formation of 2, 4 -dioxoquinazolines from isatolc 
anhydrides : 

Isatoic anhydrides (1.2) reacts with urea and 
urethanes giving rise to quinazoline 2,4-diones ( TABLE. L ) ♦ 

3 .3.31 4-Qumazolones from Isatolc anhydrides : 

The reaction of isatoic anhydrides with a variety of 

amines readily gives the corresponding anthranllic acid 

amides. These react with either CS 2 or KSCN/HCl giving 

78 8 0 

rise to 4 -quinazolones possessing a 2-thiol function ' 


TABLE K 
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REACTION TYPE 




Me , Ph, CH 2 Ph 

Ph 

66 

Ph 

OzL 

67 

ch 3 

MeO — — CH 2 — CH2~~~ 

68 


OMe 


ch 3 

ROOC^y 

69 

PhCONHCH 2 ~ 

~CH=CH— C 6 H 5 

OH 

70 


~CH(OH) C 6 H 5 


Me 


Ph 


CH 3 

~CHz~CH 2 COOMe 




Me , Bu 


71 


71 


72 ,73 
74 
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TABLE JL 

REACTION TYPE (contd ) 



Me , Et , 
C H M <z 2 



76 


TABLE _L 

REACTION TYPE 



( 
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On the other hand such intermediates on treatment with 

79 

either COCl 2 or ClCC^Et gives 2,4-dioxo quinazolmes 

Finally, 4-qumazolones could be directly obtained from 

isatoic anhydrides by reaction with amines and ortho- 
7 7 

formates ( TABLE. M ) . 

2 , RING FORMING REACTIONS OF AMT I IRAN ILAM IDE (I I) : 

2.1.1 Quinazolones by reaction With carboxylic acid or 
their equivalents z 

Most of the qumazolone syntheses described above 
use anthranilic acid (I) as the starting material and in 
rare cases the corresponding ester. Anthranilamides are 
intermediates m the synthesis of quinazolones (TABLE. C,K, 
L,M). This section relates to quinazolone syntheses 
starting wjth anthranllamide . 

The two amino ends of II readily Interact with 
formic acid or its derivatives or its equivalents leading to 
a variety of 4-qumazolones. An interesting reaction of 
this type is the formation of either linear or angular 
tricyclic quinazolones by reaction of II with either 
butyrolactone or valerolactone. TABLE. N illustrates the 
range of quinazolones that could be prepared by this 
strategy ( TABLE. N ) . 
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TABLE M 


REACTION TYPE 



JEL 

X, 

1 

Ref. 

Ph 

H C (OEt ) 3 

H 

77 

Ph~NH 

cs 2 

SH 

• 

78 

Ph-NH 

K SCN / HCl 

SH 

78 

~N H Ac 

cs 2 

SH 

78 

\ 

N — 

/ 

C0Cl 2 /ClC0 2 Et 

OH 

79 

A 

cs 2 

SH 

80 


COOH 


TABLE _N 

REACTION TYPE 
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H 

Br 

-c(ch 3 ) 2 

Br 

H 

Cl 

-p 

MeC> 

H 

nh 2 

Alkyl / aryl 

H 

OAc 

ch 3 

H 


* 



COOH 


H 


* 

CH 2 “-CH 2 -CH 2 OH 


88 

89,90 

91 

92 

93 


94,95 


H 



* 

— (C H j ) 4—OH 


95 


H 


HC(OEt) 3 H 


96 


undergoes further cycllzatlon 
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2.1.2 Preparation of 4-quinazolones and 1,2-dihvdro 4-quina - 
zolones by reaction of II with carbonyl compounds : 

An interesting reaction of II is the formation of 

animals on treatment with various carbonyl compounds. In 

the case of aldehydes, the resulting adduct could be 

readily oxidized by a variety of agents including KMnO^ and 

97-100 

nitrobenzene leading to 4-quinazolones . In the case 

of 1 , 3-di carbonyl compounds, the primary adduct undergoes 
retro-aldol type reaction leading to 4-quinazolones function- 
alised at the 2 -position^"*' . An interesting reaction 

is the efficient transformation of, to 4-quinazolone with 

the formic acid transfer agent a-cyano fi-ethoxy acrylic 
1 o^ 

ester ( TABLE .0 ) . 

3 . RING FORMING REACTIONS OF ANT BRAN ILON ITR IX, E (o-CYANO 
ANILINE, III ) s 

3 . L . 1 The preparation of 4- a mino qumazollnes by , reaction 
of III with nitriles s 

The reaction of III with a variety of nitriles gives 

2-substituted 4-amino qulnazollnes . The reaction is 

particularly facilitated with N-cyano compounds. The 

resulting 2-mtrogen functionalised 4 -amino quinazolines could 

be readily transformed to 2-substituted quinazolines by 

107 109 

reaction with organometallic compounds ' . In the case 

of appropriately N-substituted o-cyano anilines, .this reaction 



TABLE 0 
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REACTION TYPE 





105 


+ h 2 c(cn) co 2 et 
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leads to tricyclic heterocycles resuiting from further 
cyclization of the initially formed 4-ammo qumazolines 47 
( TABLE.P ) . 

3.1.2 4-Ammo aumazolmes by reaction of N-acvl o-cyano 
anilines with amines : 

The above reaction is promoted by P 2 ° 5 ' P tesuma!:> ly 
to generate the required electrophilic intermediate from the 
acylamlno function. The procedure is useful for the prepara- 
tion of a variety of 2-substituted 4-ammo quinazolines . An 

interesting aspect is the facile Dimroth rearrangement of 

110 

the initially formed 3N-substituted quinazolium systems 

An interesting variant of this is the reaction of o-cyano 

aniline with ethyl orthoformate followed by reaction with 

alkyl amines. In this case the lmme ether that is formed 

initially readily undergoes further reaction including Dimroth 

111 , 

rearrangement ( TABLE. Q ) . 

3 . 1 . 3 4 -Ammo qu inazolines from III and ittu.no ether 
hydrochlorides : 

Imino ether hydrochlorides — available from the 

reaction of the *~CN function with EtOH.HCl — react with 

112 

o-cyano aniline to produce 4-ammoquinazolmes (TABLE. R ) . 

3.1.4 The preparation of 4-amino qumazolines by reaction of 
1X1 with isocyanates or isothiocyanates. : 

The reaction involved here is similar to that 
pertaining to the formation of 4-quinazolone from I (TABLE. H) . 



29 


TABLE _P 

REACTION TYPE 



A 

A 


Ref 

H 

~ o 

— 

106 

H 

-a 


107 

H 

Me , Et 

Et 

-N^ 

V Et 

— 

108 

H 


109 

0 

R-H-iH 

nh 2 

2 * 
R-C-CH 

47 


k 


*-The product undergoes cyclization 
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TABLE _Q 

REACTION TYPE 



JL 

JR. 

Ref 

Me, t-Bu , Ph 

Me, Pr, EtCHMe, Ph 

110 

H ( as imino ether) 

ch 3 

111 


TABLE R 


REACTION TYPE 
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The reaction of III with isocyanates and isothiocyanates is 
of additional interest because of the presence ot the 4-ammo 
functional unit which could be advantageously used for the 
preparation of additional heterocyclic systems’''^' 11 1 
( TABLE 5 ) 

4 . RING FORMING REACTIONS OF 5-AMINO IMIDAZOL E 
4 -CARBOXAMIDE (IV ) • 

4 • 1 THE PREPARATION OF BYPOXANT HINES AND ADENINES FROM IV ; 

The compound IV is a very important intermediate in 
biological systems. The terminal -NH,, functions present in 
IV could be tanked with a single carbon unit giving rise to 
hypoxanthines and adenines. They could also be linked 

1 23 

through nitrogen by a simple diazonium coupling reaction 
( TABLE.T ) . 

5 • RI NG FOR M ING R EACT IONS OF 4-CYANO 5 -AMINO 
IMIDAZOLE (V) : 

5 • 3 THE FORMATION OF PURINE AND PURINE ANALOGUES FROM V : 

4-Cyano 5-amino imidazole (V) is an excellent 

precursor Cor the preparation of a variety of purines of 

great current interest. Direct nucleoside formation is 

possible by reaction of V and appropriately protected sugars 

through either the imino ether function or the imino thio 

128 129 

ether function at the code position ' . An interesting 

reactaon of V is the formation of a thia adenine analogue 



TABLE S 


REACTION TYPE 



JL 

JL 

Ref 

R 

s 

113 

Ph 

s 

114 

ch 2 -ch=ch 2 

s 

1 15 

ci—ch 2 — ch 2 

0* 

116 

EtOOC—C H 2 

0* 

117 


*- Cyctic Intermediate undergoes cyctizatlon 



TABLE T 
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i n £ 

with CS^ The reactions with V are summarised m TABLE. U. 

The ene-anunoacid grouping affixed to benzene and 
imidazole has provided methodologies for a wide selection 
of heterocyclic systems ( vide supr a ) . In sharp contrast, a 
detailed search of the literature shows that the chemistry 
of this grouping attached to other ring systems have hardly 
merited examination. It must be obvious that such systems 
could provide facile routes to various kinds of heterocyclic 
rings. The handful examples that are reported and which 
belong to other categories are described below. 


6 . RING FORMING REACTIONS OF 2 -AMIN0THI0PHENE5 HAVING A 
CARBOXYL OR AN EQUIVALENT GROUPING AT 3-POSITION (VI) : 

2-Aminothiophenes having a carboxyl or equivalent 
function at the 3-position readily undergo ring forming 
reactions very similar to that described with the benzenoid and 
imidazole systems ( TABLE .V ) . 

7. THE REACTIONS OF FURANS AND DIHY D ROFURANS POSSESSING THE 
1,2-ENE AMINO ACID FUNCTION : 

In sharp contrast to the thiophene system described 
above, either the furanoid or the dihydrof uranoid units 
possessing the 1 , 2 -ene-amino acid function exhibit a strong 
tendency for rupture of the parent ring that generally takes 











TABLE V 
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Ref 



TABLE X 
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place concomitant with the cyclization . Thus*, the reaction 

of 2-ammo 3-carboethoxy furans with 2-aminobenzimldazole 

leads to tricyclic systems at the expense of the rupture 

134 

of the furan ring „ Similar reactions are encountered 

with the corresponding 4 , 5-dihydrofurans with amidmes and 
135 

hydrazines ( TABLE . W ) . 

8 . THE i , 2-ENE-AMINO ACID UNIT AS A PRECURSOR TO UNUSUAL 
OU INAZOLINE ANALOGUES . 

This reaction type is exemplified with the formation 

iq/- ion 

of 2-aza 4-quinazolone 1 , 2-sulphonyl 1 analog of 

13 8 

4-qumazolone and an unusual phosphorous heterocycle 
( TABLE. X ) . 

As stated previously, the chemistry of 1, 2-ene-amino 
acid systems were analyzed as appropriate background for 
the present work (SECTION C), which, inte r al ia, brings out 
the property of such compounds as parents tor the template 
synthesis of a variety of heterocycles. The potential of 
the compounds cited above as medium for template synthesis 
has been examined and presented at the end of the next 


section. 



TABLE W 
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I.C. PRESENT WORK 


An attractive facet of the art in organic synthesis 

would be the creation of structures on a template'*' which 

can be re-cycled. Such a strategy - although used by 

Nature for the biosynthesis of compounds vitally associated 

2 

with life processes - has been neither exploited nor system- 
atically explored thus far. A unique example of template 
strategy m Nature is the ATP-Imidazole cycle wherein a 
daughter imidazole is grown on a mobile parent imidazole 
via a cyclic pathway that is linked to the biosynthesis of the 

purine code bases ATP and GTP as well as to the imidazole 

3 

ammo acid histidine . The cycle is initiated by the parent, 
namely, protected 5-ammo imidazole-4-carboxamide by accep- 
tance of elements of formic acid to give 9-protected hypoxan- 
thine. This is animated to adenine and then to, via sequence, 
specific IN- incorporation of rlbose phosphate, hydrolysis, 
Amadorl rearrangement, enamination, cycllzation and cleavage 
to the daughter 5-substituted imidazole and the parent 
imidazole template that now can initiate another cycle. The 
daughter product is subsequently tooled down to histidine. 
Details of the cycle, arrived at as a result of extensive 
experimentation ” , are presented in (CHART X. C.l), 


„ No .T'^sir 


51 


CHART I. C. 1 
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The methodologies of growing the daughter on the 
parent (CHART I.C.l), can be analyzed in terms of the 
stepwise introduction of the needed 1-nitrogen and 
3-carbons with the amide nitrogen of the parent destined to 
be part of the daughter imidazole. The protocol involves 
the introduction of the carbon bridge that connects the 
two nitrogen functionalities of the parent, specific 1N- 
alkylation leading to -CH=C (a ) -NH (b) attachment and processes 
associated with the formation and separation of the daughter 
product (CHART I.C.2). 

The chemical simulation of the ATP-Imidazole cycle 
was initially carried out on a model which possessed the 

operating part of the cycle, namely, the vicinal disposition 

\ 

of the -NH^ and -CONH^ units and substituting the more 
reactive imidazole moiety with a phenyl ring. Thus, all 
early experiments made use of anthranilamide rather than the 
N-substituted-5-ammoimidazole 4-carboxamide as the template. 

Anthranilamide (2.) was readily converted to 
3, 4-dlhydro-4-qumazolone (4.) by treatment with dimethylacetal 
of DMF and then to an array of 3N- substituted 4-quinazolones. 
All endeavours to rupture these specifically at the 4-oxo 
location, that would lead to the release of the -COOH function 
and which is the pathway that is established for the ATP- 
Imldazole cycle (CHART X.C.l, CHART I.C.2 , Path A) did not 
succeed, but gave, frequently, products arising from 
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re-arrangement. The studies relating to this aspect are 
presented in the Part-II of the thesis. Thus, it became 
necessary to modify Nature's strategy and this was endeavoured 
via prior cyclization of the specifically 3N- substituted-4- 
qumazolones to tricyclic systems that have capability to 
undergo further rupture to daughter products (CHART 1.0. 2, 

Path B) . Here again, several attempts to bring about the 
cyclization using conjugate bases generated in. situ at the 
terminn of the 3N- substituted-4 -qumazolones did not succeed 
due to incursion of undesirable 2-3 bond rupture. These 
experiments, m several cases, demonstrated that the antici- 
pated tricyclic systems were formed. However, they existed in 
equilibrium with the open precursors. The further course of 
the reactions here was dictated by the propensity of these to 
undergo 2,3-bond rupture, often as a result of addition of 
nucleophiles to the 1,2-bond. 

A closer examination of the course of the established 
pathway involved in the ATP-Imidazole cycle (CHART I.C.l) 
revealed that the cyclization leads to a product that would 
rupture to give an aromatic derived product. Consequently, 
it was surmised that the cyclic intermediate arising from 
addition to the 1,2-bond of qumazolme (Path B; CHART I.C.2) 
could be induced to undergo the desired 3,4-bond rupture, in 
the event this process could be assisted by the formation of 
aromatic daughter products. This proved to be the case. 
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The reaction of 4-qumazolone (4.) with o-phenyle- 
nediamine gave in 10% yields the 3N-substituted compound 5_, 
that has capability to undergo cyclization to the 1, 2-bond 
followed by rupture leading to aromatic daughter products. 

The reaction of ,5 with aqueous alkali gave in 73% yields 
the derived product benzimidazole and the template anthranilic 
acid (79%), thus demonstrating that the expected course of 
events indeed took place (CHAR(T I.C.3)/ 

The pathways leading to benzimidazole and anthranilic 
acid m the above experiment from 5 are precisely that 
envisaged m CHART I.C.2, Path B. Thus, it appears that 
the generation of an open enamine unit such as that present 
in 5. is essential to bring about the desired template directed 
reaction. Such an approach provided a satisfactory solution 
to the problem, initially with the formation of imidazole 
from anthranilamide template and culminating in the creation 
of an imidazole from an imidazole parent. 

The strategy that led to the successful demonstration 
of anthranilamide (2.) as a template for imidazole synthesis 
proceeded through the sequence, transformation to 4-quinazol- 
one (4.) , specific alkylation at the 3-location with either 
phenacyl bromide or bromoacetone, reaction with a primary 
amine leading to the formation of the daughter imidazole and 
the modified parent, which could be transformed to 2., to 
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start another cycle (CHART I.C.4). 

4-Quinazolone (4_) which was extensively used m the 

present work, was prepared either from anthranilamide (2_) 

4 

and DMF-acetal or, more conveniently, from anthranilic 
acid and formamide^. | 

Specific 3N~ alkylation of 4-quinazolone (4_) was 

i 

achieved by treatment of its conjugate base-generated with 

I 

1 equivalent of KOH-with phenacyl bromide m ethanol to 
give m 40% yields 3-phenacyl-4 -quinazolone (6.) mp 159°C^. j 
By a similar procedure 3-acetonyl-4-quinazolone (7.)/ I 

mp 158°C was prepared using bromoacetone m 50% yields. / 


2: 

mp 

: 108°C 


ir 

: v (KBr) cm" 1 : 3440, 3060 (br, NH ) , 

r Tl5lX 4 

' 


1710 (amide carbonyl) 

4 : 

mp 

216°C 


ir 

: v (KBr) cnC 1 : 3200, 3170 (amide NH) , 

mToLX 



1700 (amidecarbonyl ) 

5: 

mp 

z 140°C 


ir 

z v (KBr) cm" 1 : 3300-2800 (br,NH), 1690 

max 



carbonyl), 1615, 1565 (C=C, C=N) 


m/z 

: 146, 118, 91 

6.5 

mp 

: 159°C 
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lr 

v (KBr ) 

max 

cm -1 : 1690 (-C0), 1665 (amide 


carbonyl ) 


nmr : 

6 (CDCl^) , 

60 MHz : 5 45 (s, 2H, -C^), 


7 35-8.45 

(m, 10H, aromatic) 

m/z : 

264 (M + ), 

159 (M + - PhCO) 

mp 

158°C 


lr ; 

v ( KBr ) 

max 

cm" 1 : 1720 (-CO) , 1675 (amide 


carbonyl ) 


nmr : 

6 (CDC1 3 > , 

60 MHz : 2 . 35 (s, 3H, -COCH 3 ) , 


4.85 (s, 

2H, -CH^ ) , 7.3~8.4 (m, 5H, aromatic) 

m/z : 

202 (M + ) , 

159 (M + - COCH^) . 


At the outset, compound 6, was reacted with benzylamine 
and p-TsOH to generate the enamine intermediate. In the event, 
fortunately, the reaction proceeded further, to yield the 
derived imidazole. Subsequently, the optimum conditions with 
reference to the amine employed, the p~TsOH needed, and 
the duration of the reaction was worked out in each case. 

The reaction could be readily monitored by tic in terms of 
the disappearance of the starting materials and the formation 
of the derived product as well as the modified parent. 

Thus, compound 6. proceeded through the cycle 
(CHART I.C.4) on reflux for 12 hours with benzylamine 


CHART I.C.4 
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(4 equivalents) and p-TsOH (2 equivalents), leading to the 
template product, 1-benzyl 5-phenyl imidazole 8., in 69% 


yields and the modified parent anthranilbenzylamide 10 in 
71% yields. The structural assignment for imidazole 8_ is 
fully supported by spectral and analytical data and by 


comparison 

with 

an authentic sample. 

8: 

mp 

♦ 

111°C 


nmr 

• 

6 (CDCl ) / 60 MHz : 5.1 (s , 1H* “Cf^—Ph) , 

3 

6. 7-7. 9 (m, 12H, aromatic) 


m/z 

• 

• 

23 4 (M + ) 

10: 

mp 

* 

• 

123°C 


ir 

ft 

V max (KBr) 3480 < NH 2 } ' 3310 (NH) 

1630 (-amidecarbonyl) 


nmr 

u 

4 

6(CDC1 3 ), 60 MHz i 4.55 (d, 2H, -CH 2 -Ph) , 

5.25 (br, 2H, MH ) 6. 7-7. 5 (m, lOI-I, 

"2 ' 

aromatic) . 


The sequence of events startinq from the parent 
anthramlamide 2 leading to the derived imidazole 8. and the 
modified parent 1J) are presented in CHART I.C.4. The direct 
transformation of 6 to 8 and ljO are envisaged as taking 


place via , the steps, enamme formation, cyclization lo 
tricyclic intermediate, which is cleaved readily to a 
reactive acylated imidazole that rapidly undergoes trans- 
formation to 8^ and 10. with benzylamine. This rationaliza- 
tion is supported by various observations. The alternative 
mode of reaction of benzylamine with 6. would be either 
addition to the 4-oxo grouping resulting in the opening of 
the 3,4-bond, or addition to the 1,2-bond of quinazolone 
followed by rupture of the 2,3-bond. That these events do 
not take place under the conditions of the 6. -> 8. + 10. change 
is demonstrated clearly by studies on 3-methyl 4-quinazolone 
( 35 ) , a compound which has possibilities for the two alternate 
modes discussed above, but whose ligand lacks the capability 
for enamine formation. 

Compound 35, was prepared by alkylation of 4-quma- 
zolone (4.) with Mel. 


35: 

mp 

• 

m 

95-96°C 


lr 


(KBr) cm_1 ! 1665 (~ co > 

max 


nmr 

- 

6(CDCl a ), 6Q MHz s 3.59 (s, 3H, -CHj) , 




7. 2-8.4 (m, 5H, aromatic). 
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In the event, the reaction of 35, with benzylamine and 
p-TsOH in refluxing xylene under condition of the 6, -*■ 8 + 10. 
change led to the total recovery of the starting material, 
thus strongly supporting the sequence of events envisaged in 
CHART I.C.4. Similar results were obtained with models 
related to the lmndazole parent type ( vide infra ) 

After several xntructuous efforts it was found that 

the modified parent anthranilbenzylamide (1_0) can be cleanly 

\ - -- ' 

cleaved with methanesulf onic acid in 85% yields to the 
parent anthranilamide (2.) which then becomes available to 
start another cycle. 

The general applicability of this type of template 
synthesis has been demonstrated in many ways. Thus, the 

, T _r^. , „ t- „■ ->'*«> ^ " +* *• i 



reaction of 3-acetonyl 4-qumazolone (7.) with benzylamine 
and p-TsOH, under conditions described above, gave the 
derived product 1 -benzyl 5-methyl imidazole (9.) , mp 9 9°C in 
55% yie]ds (overall yield from anthranilamide 23.6%) and the 
modified parent (1J)) (45%) . 


mp : 

99°C 





nmr : 

<5 (CDC1 3 ) , 

60 

MHz . 2. 

1 (s, 3H, 

- c a 3 ) , 


5.05 (s , 

2H, 

-CH 2 Ph) , 

6.85-8.2 

(m, 7H, 


aromatic) 





m/z : 

172 (M + ). 
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The selective formation of specifically 5-substituted 
N-protected imidazoles by the template strategy provides 
the best route to such compounds . In spite of the continuing 

^ " I 

' ' - ~ rj 

interest in imidazoles , the procedures for the synthesis 
of such N-protected 5-substituted imidazoles are scarce and 
pathways cumbersome. This aspect is best exemplified by 
the procedure that is currently recommended for the prepara- 
tion of 1-benzyl 5-methyl imidazole (9J via the 
lenqthy sequence: D-fructose - - >• 4(5)-hydro- 

xymethyl imidazole 1-benzyl 4 -hydroxymethyl imidazole + 

1 -benzyl 5-hydroxymethyl imidazole, chromatographic separa- ^ 
tion of the desired 5-isomer, halogenation with SOClg and / 
reduction (Pd/C/H^) (overall yield of 9. from fructose < 2 %) . 
The 9 thus obtained was identical in all respects to that 
prepared via the cyclic template operation. 


The general utility of the template strategy for the 
preparation of 1 -protected 5-substituted imidazoles as well 
as for a variety of 1-substa tuted imidazoles has been further 

^ I,, i — MwiMtiuiv ah ' *’* "i*"* 1 *' 

esta blished , 

^ 

The reaction of 6. with oc tadecylamine in refluxing 
xylene, promoted by p-TsOH, gave the daughter product, 
1-octadecyl 5-phenyl imidazole (11 , 32%} with simultaneous 
formation of the anthraniloctadecyl amide ( 1 3 , 35%) 

(CHART I.C.4). In an analogous manner, compound 7. when 


i 
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processed through the cycle gave 1-octadecyl 5-methyl 
imidazole (12_, 18%) and 31% of 1J3. The novel lipids ll_ 

and i_2 are of interest since they carry the biologically 
important imidazole unit. Micellar systems involving 
either or 1_2 are therefore expected to show novel cataly- 
tic profile m imidazole mediated reactions. 


11 . Low melting solid 

nmr : SCCDCl^)/ 60 MHz : 0.6-1.75 (m + s, 35H, 

-CH 2 -(CH 2 ) 16 -CH ) , 3.95 <t, 2H, -CH 2 

~ (C *V 16~ CI V ' 6 95 “ 7 * 85 + s ' 7H ' 

aromatic) 

m/z 396 (M + ) 

12.. Low melting solid 


nmr 

* 

<S(CDC1 3 ), 60 

MHz ; 0.65-1.8 5 (m, 35H, 



- CI V (C Vl6 

-CH 3 ), 2.27 ( s ( 3H, -CH 3 ), 



3.80 (t, 2H, 

-CH 2 -(CH 2 ) 16 -CH 3 ), 7.35 (s, 1H 



aromatic) 


m/z 

* 

33 4 (M + ) 


mp 

9 

9 

8 6 -87°C 


lr 

* 

* 

v (KBr) cm 

max 

-1 , 3500, 3400 (NH 2 ),3330 (-NH), 



1640 (—CO) , 

1590, 1550 <C=C, C— N) . 

nmr 

# 

6(CDC1 3 ), 60 

MHZ, 0,63~1*73 + s, 35H, 
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-CH 2 (CH 2 ) 16 -CH 3 ) , 3.33 (m, 2H, -CH 2 ~(CH 2 ) 16 
~CH 3 ), 5.2 (s , 2H, NM 2 ), 6.05 (br, 1H, 

-CONH) , 6.43-7.43 (m, 4H, aromatic). 


Further, compound 6. when reacted with cyclohexyl amine 
and p-TsOH m the usual manner gave the expected derived 
product 1-cyclohexyl 5-phenyl imadazole (14, ) in 70% yields 
and a 50% yield of the modified parent anthranilcyclohexyl 
amide (15,) . 


14 : bp : 18 0°/0.1 torr 

nmr : fi(CDCl..), 60 MHz, 1-2.35 (m, 10H, -C,H, , ) , 
3.85 (br, 1H, -C^H^) , 7.35 (br, s, 7H, 

aromatic) 



m/z 

: 226 (M ) 


15: 

mp 

: 154°C 



lr 

s V a (KBr) cm" 1 : 3470, 3360 
max 

(Nh 2 ), 3290 (-NH) , 



162 0 (amidecarbonyl) 



nmr 

: 6(CDC1 3 ), 60 MHz, 0.6-2. 3 

(m, 10H, - C 6 U. X1 ) > 


3.85 (br, 1H, C H ), 5.5 (br, 2H, -NH 2 ) , 
5.9 (br, 1H, -CONH), 6. 4-7. 3 (m, 4H, 
aromatic) . 
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The reactions thus far described using anthranilamide 
as the template is presented m CHART I,C.4., 

Numerous experiments were carried out to extrapolate 
the sequence of events represented in CHART I.C.4, to extend 
the template synthesis to further substituted imidazoles and 
other heterocyclic systems. The results thus far are not 
encouraging, excepting, perhaps, for the possibility of 
effecting functionalised 1 , 2, 4-triazoles ( vid e Infra ) . 

These endeavours are briefly summarized below. 

The 2-methyl analogs of 7 and 6., namely, 2 -methyl 

3- acetonyl 4-quinaz olone ( 3J7 ) and 2-methyl 3-phenacyl 

4- qumazolone (38.) were prepared by alKylation of 2-methyl 
4-quinazolone (36.) [please see Part II of the thesis]**. 

The reaction of either 37. or 38. with benzylamine and p~TsOH, 
under conditions that led to efficient formation of derived 
products in the case of the 2-unsubstituted analogs, resulted 
largely m the recovery of starting materials. This finding, 
in conjunction with similar studies with the model system 
3 -methyl 4 -quinazolone ( 35) ( vide supra ) would mean that 
the required Schiff base/enamme formation does not occur 
easily m compounds 37. and 38. 

In an endeavour to generate 5-phenyl oxazole as the 
derived product, compound 6. was refluxed in xylene in the 
presence of hexamethyl disilazane (HMDS) and p-TsOH; no 
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reaction was observed. Similar unreactivity was found 

g 

when 3-benzamido 4-qumazolone was reacted with HMDS/p -TsOIl. 

It was envisaged that the thio carbonyl analogs of 
6. and 7. would show proclivity for addition to the 4-quina- 
zolone 1,2-bond, that would result m the formation of 
derived thiazoles. However, attempted C=0 -> C=S change 
with P 2 S 5 in benzene with compound ]_ gave complex 

mixtures. An effort was made to improve the prospects by 
the use of p-anisyl thionophosphme sulphide"^ as the 
reagent for the generation of the thio carbonyl unit. In 
this event also, with the phenacyl compound 6., the reaction 
resulted in mixtures. 

In principle, 4-quinazolones , substituted with an 

amidine unit at the 3-position should be capable of 

undergoing reactions analogous to that described in 

CHART I.C.4 leading to 1 , 2 , 4-trlazoles as derived products. 

g 

This unit was sought from 3-benzamido 4-quinazolone , 

2- methyl 3-benzamido 4-qumazolone (56) and 2-phenyl 

3- benzamido 4-quinazolone ( 61 ) via transformation of the 
ligand amide unit to an imino chloride with POCl^ followed 
by displacement with benzyl amine. This series of reactions 
gave complicated mixtures m all the three cases studied. 

Encouraging results have been obtained from studies 

11 

of the reaction of 3-amino 4-qumazolone with dicyclohexyl 
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carbodiimide . In this case the expected adduct could be 
obtained, although its isolation in a pure state posed 
problems. This adduct, on thermolysis, gave the expected 
derived product, namely, 3-cyclohexylamino 4-cyclohexyl 
1, 2, 4-tnazole, whose structure was confirmed by mass 
spectral data. However, the nmr of the compound indicated 
the presence of aromatic impurities. The high reactivity of 
the triazole, coupled with the possible generation of other 
reactive compounds during thermolysis, could account for 
the observed complexity. Nevertheless, it appears reasonable 
to conclude that 4-quinazolones having an amidine grouping 
attached to the 3-position could lead to derived 1,2,4-tna- 
zoles . 

The cyclic operations with anthranilamide (CHART I.C.4) 

^ ^ f 

illustrate that aspect of the ATP-imidazole cycle which 

* ,r « 

involves the directed synthesis of an imidazole using a 
soluble template. Another facet of the Natural cycle which 

j 4 

is aesthetically more pleasing is the generation of a 

' * 

daughter imidazole from a parent imidazole template. This 

has been accomplished starting from 1-benzyl 5-amino-imidazole- 

* 

4 -carboxamide (JL) (CHART I.C.5). 

1-Benzyl 5-ammo imidazole 4-carboxamide (1.) was 
transformed to 9-benzyl hypoxanthine (3.) in 67% yields, by 
a modified procedure, by treatment with HCONH- at 195°c, 


I 


\ 


68 


3. mp : 291°C 

lr v (KBr) cm - ' 1 ', 1700 (amide carbonyl), 

m<3.x 

1590, 1550, 1520 (C=C, C=N) 


Compound 3. was converted to its conjugate base by 
treatment with 1.5 equivalents of KOH In EtOH and then 
reacted with 2 equivalents of phenacyl bromide to give 
1-phenacyl 9-benzyl hypoxanthine ( 16 ) in 82 % yields. The 
structural assignment for 1.6 is supported by spectral and 
analytical data. 


16: mp 

£ 

201°C 


ir 

* 

V (KBr) cm -1 ; 1700 (-CO), 1610, 1590 

max 



(C=C, C=N) 


nmr 

* 

6(CDC1 3 ), 60 MHz: 5.3 (s, 2H, 

-CH^COPh) 



5.5 (s, 2H, -CH^Ph) , 7 . 2-8 . 2 (m 

, 121-3, 



aromatic) 


m/z 

- 

344 (M + ), 239 (M + - PhCO) . 

\ 

Compound 

16 proceeded through the cycle 

(CHART I.C.5), 

on reaction 

with 

4 equivalents of benzylamine 

and 3 equivalents 





CHART I.C.5 
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of p-TsOH in refluxing xylene for 12 hours to yield 36% of 
the daughter product 1-benzyl 5-phenyl imidazole (8) and 
33% of the modified parent 5-ammo l,N~dibenzyl imidazole 
4-carboxamide (1/7) . The derived product 8_ from this cycle 
was identical to that obtained earlier ( vide supra ) . 


17. j 

mp : 

159-160°C 



xr 

V (KBr) cm" 1 ; 3400 

max 

(amide carbonyl) 

, 3300 (Nh 2 , Nh) y 1630 


nmr : 

6(CDC1 3 ) , 60 MHz* 4. 

4 5 (d , 2H, -CONHCH^Ph, 



+ D 2 0, s) , 4.7 (br, 

2H , -NH , exch.D 2 0) / 



4.8 (s, 2H, -CH 2 Ph) , 

-NH and aromatic) 

6.8-7. 7 (m, 12H, 


m/z 

306 (M + ) . 



The sequence of events leading to daughter products 
from the imidazole template 1. (CHART I.C.5) is analogous to 
that presented in CHART I.C.4 for the anthramlamide mediated 

■W- | .-- | - T . r . )-Utl — — V** I 1%U 

template reaction. Additional support for the sequence of 
events m such operations have been obtained by studies on 
model systems. Specifically the notion that eve nts leading to 
the derived products from appropriate alkylated carbonyl 
precursors are initiated by formation of Schiff bases/enamines 
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via reaction with appropriate amines is re-inforced by 
the recovery of 1,9-dibenzyl hypoxanthme (4_2) on treatment 
with benzylamme and p-TsOH under conditions of template 
synthesis . 

The importance of acid catalysis for the sequence of 
events associated with these cyclic processes has been 
brought out by the attempted transformation o£ 16. to derived 
product and modified parent with benzylamine in the absence 
of p-TsOH. This reaction gave neither 8^ nor 17 . 

The modified parent 17. was cleanly transformed to the 
parent template JL, which becomes then available to initiate 
the second cycle, upon treatment with methane sulphonic acid 
at 130°C for 3 hours. 

^ .. w r 1 

The potassium salt of 9-benzyl hypoxanthme (3.) 
generated with MeOH-KOH on treatment with 2 equivalents of 
bromoacetone gave in 66% yields 1-acetonyl 9-benzyl 
hypoxanthme (1J3) . 


*» 

col 

Hi 

mp : 

155-158°C 




ir : 

v (KBr ) 

max 

cm -1 ; 1715 (■ 

-CO) 


nmr : 

& (CDC1 3 ) , 

60 MHz: 2.25 

(s, 3H, -CH 3 ), 


4.95 (s , 2H, -C’H 2 -), 5.3 (s, 2H, -CH 2 Ph) , 

7.3 (s, 5H, aromatic), 7.95 (s, 1H, 
lmidazolyl proton , 7.95 (s, 1H, pyrimidyl 
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proton) 

m/z 282 M + , 239 (M + - COCH 3 ). 


Compound 1J3 when admixed with 4 equivalents of i 

I 

benzylamine and 3 equivalents of p-TsOH and refluxed in dry 1 
xylene for 12 hours gave 30% of the daughter product 
1-benzyl 5-methyl imidazole £ and 26% of the modified ; 

parent 17 . Compound 9. obtained m this experiment was 
identical to an authentic sample. 

In the ATP-In\i,cla&Qle cycle of Nature, the parent 
1 -phosphoribosyl 5-ammo imidazole 4-carboxamide leads to, 
as the daughter product, 5-imidazole glycerol phosphate, 
which is then transformed to histidine. In order to provide 


a fuller perspective of the simulation studies, it was 
considered desirable to transform 1-benzyl 5-methyl 




imidazole (9.) , the daughter product arising from the template 
1-benzyl 5-ammo imidazole 4-carboxamide 1., also to 

' ** * *■** \ v k j ^ 

histidine. 

*«***-“* ' » 


The obvious linkage between the template product 
1-benzyl 5-methyl imidazole (£) and histidine (34) would be 
5-chloromethyl imidazole (£2.), since, this compound has been 
transformed to £4 by several' procedures. The task at hand 
then was to halogenate the 5-methyl substituent of 9.. Direct 
methods at functionalization of this grouping with reagents 
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such as N-chloro succanimide and Ph-Se-Cl, gave complex 
mixtures, perhaps on account of the presence of the 
benzylic grouping. Consequently, 5 -hydroxymethyl imidazole 
( 31 ) was sought as the link, since this compound has been 
transformed to chloromethyl compound 3_2 and then to histi- 
dine (3.4) . The reaction of compound 9. with 1 equivalent 
of Se0 2 in glacial AcOH at reflux for 10 hours gave 1 -benzyl 
5-formyl imidazole [ 30., 3 6 % which was then directly 
reduced, with NaBH^ in MeOH, to l‘~benzyl 5 -hydroxymethyl 


imidazole (28., 61%) 


16 


The compound thus obtained was 


identical m all respects to an authentic sample prepared 

1 3 

from D-fructose . Compound 28. was debenzylated by 
hydrogenation over palladised charcoal leading to the form- 
ation of 4 (5 )~ hydroxymethyl imidazole (31 ) in quantitative 

WT v * J 1 * * i v I 

yields. The picrate of 31 was found to be identical to 

* 1 *■' 1 

that of an authentic sample prepared from D-fructose. The 4 ( 5 ) 

hydroxymethyl imidazole {3JJ thus obtained was 

14 15 

transformed to dl~histidine ' by Known procedures. The 


* ■* * 


dl -histidine thus obtained was identical in all respects 
to that of an authentic sample , thereby completing the link 
between.., histidine and the derived product 1-benzyl 5-methyl 
imida zole 


17 

- - j 


74 



l A 

^n^ch 2 oh 

H 


31 





CH-COOH 

I 

nh 2 


28: mp : 134°C (lit . 1 6 mp 1 3 4-135°C ) 

nmr : 6(CDC1 3 ), 60 MHz : 4.46 (s, 2H, -CHgOH), 

4.7 (s, 1H, -CH 2 OH) , 5.14 (s, 2H, -CH 2 Ph) , 

6.61-7.91 (m, 7H, aromatic) 

30 : Low melting solid 

- 1 

lr : v (neat) cm , 16 90 (-CO) 

max 

nmr : 5.0 (s, 2H, -CH^Ph) , 6.73-7.83 

aromatic ) 

31: Picrate;mp: 202-203°C (lit. 13 mp 203°C) 

34.x mp : 268-269°C (lit. 14,15 mp 273°C) 


(m, 8H, 
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From the above account it could be discerned that 
facets pertaining to the chemical simulation of ATP- Imidazole 
cycle {CHART I.C.l) were developed m stages and with 
increasing relevance to the Natural cycle. An aspect that 
has hitherto not been examined m the simulation studies is 


the use of an appropriately protected adenine as a key 

1 1 

intermediate^ It could be seen from CHART I.C.l that although 
hypoxanthine as an integral part of the cycle, it is trans- 
formed to adenine prior to alkylation. Template studies 
with adenine were deferred to a later stage in view of the 
significantly higher reactivity of this compound compared to 

Vi i. * V -"’■in v 

hypoxantha ne and the need to have information pertaining to 



19; mp ; 232-233°C 

ir : V (KBr ) cm~ l : 3460,3340 (-NH 0 ) 

max * 

1660,1610 (C=C , C=N) 

nmr : <S (DMSO-d^) , 100 MHz i 5,4 (s , 2H, -CH 2 Ph ) , 

7.3 (m, 5H, phenyl), 8.0 (s, s, 1H, 3H, 2,8- 

purxne ring) . 
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9-Benzyl adenine (X9) on treatment with 1.5 equi- 
valents of phenacyl bromide in dry DMF gave colourless 
prisms mp 219-223°C, to which, based on spectral and 

t 

analytical data, the bis salt structure ,20 (CHART I.C.5) 

i » 

has been assigned. The yield of 2j0 was 35% and no other 
pure products could be obtained from this reaction, which 
has been carried out several times. 


20 : mp : 219-223°C 

ir : V (KBr) cm"* 1 : 3420, 3060, (-NH) , 1690 

'll cl 

(-CO), 1630, 1600 (C=C, C=N) 


The formation of the bis salt (20.) is surprising, 
since, during model studies when 9-benzyl adenine ( 19 ) was 
treated with benzyl bromide under similar conditions only 
the 1-monoalkylated product was obtained. 



The reaction of 2J} with hot water for a brief period, 
conditions under which the model system, 1, 9-dibenzyladenine 
hydrobromide hydrolyses to the neutral 6-lmmo 1,9-dibenzyl 
adenine, gave the monohydro bromide 21, (92%) . The structural 
assignment for 21 is fully supported by spectral and 
analytical data- 
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21 : mp : 

225-228°C 

ir 

v (KBr) cm" 1 ? 3460, 3020 (-NH) , 1710 (-C0), 

max 

1660, 1600 (C~C, C=N) 

i 

H nmr * 

6 (DMSO-d 6 ), 2 00 MHz . 5.05 (s, 2H, -CH COPh) , 

5.7 (s, 2H, -CH 2 Ph), 6. 4-7.1 (m, 1613, phenyl) , 

7.3 5 (a, J = 8 Hz, 2H, -NHCH^COPh) , 7.91 

(s, 1H, 6-purine proton), 8.75 (s, 3H, 

2-purine proton) . 

13_ 

C nmr . 

(S(DMSO-d 6 ): 190 8 (carbonyl), 145.5, 136.0, 

134.7, 134.5, 133.9, 133.8, 131.6, 129 1, 

J28.9, 128 7, 128.3, 125.6, 114.1, 109 59, 

55 7 (-CH 2 ), 49.1 (-CH ) 


Compound 2JL is structurally analogous to the 


similar alkylated adenine of -the .Natural ATP- Imidazole 


cycle (CHART I.C.l)., Consequently, it was anticipated that 


this compound could be processed through the cycle to yield 


derived products. This expectation was realized. Thus, 


compound 21_ when held at reflux for 4 hours with 4 equi- 
valents of benzylamme gave, in 38% yields, the daughter 
product* l~benzyl 5-phenyl imidazole (8) . Of significance was 
the isolation of another crystalline compound, mp 136-138°C, 


for which, based on spectral and analytical data, structure 22. 
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has been assigned. The yield of this compound was 28% 
(CHART I.C.5) . 


mp : 

13 6-138°C 


lr : 

\) (KBr ) cm" 1 , 3 24 0 (NF) , 

MldX 

1630 (C=N) 

nmr 

6(CDC1 3 ), 60 MHz, 3.7 <m, 2H, 

NH-CH 2 -Ph, ID 2 0, 


q) 4.2 2 (s, 2H, =N-CH 2 ~Ph) , 

4.75 (s, 1H, 


-CH-C (NH-)-Ph) , 4.85 <s,lH,CH Ph), 5.2 


(m, 1H, NH exch. with D 2 0), 

7. 2-8.0 


(m, 23 H, aromatic) , 


m/z : 

522 (M + ). 



The isolation and characterization of compound Z2 
is noteworthy, in the sense that similar structures have been 
envisaged as crucial intermediates, towards formation of 
derived products with parent template, anthranilamlde (2.) 

(CHART I.C.4) as well as 1 -benzyl 5-ammo imidazole 4 -carboxa- 
mide (X) (CHART I.C.5). Support for this conjecture was 
obtained by treatment^ of .opmpoimd^22^JO,tlL. 4 , equivalents of ^ 


benzyl amine and 1 equivalent of p-TsOH m ref^uxihQ ,?cylene. 


*^>*7 * 




for 12 hours. Most gratifyingly , this experiment 

u **" m ^ i •* «. 1 * 4> ** ^ 

excellent (88%) yields, the expected daughter product 

i j *. < pi it *• t 

19 




1-benzyl 5-phenyl imidazole (8J 


,j,< 


The formation of compound 
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22 and the derived product 8. on treatment of 21. with 
benzylamme coupled with the clean transformation of 
22 •+ 8. described above, strongly support the intermediacy 
of a parent-daughter tricyclic system that is believed to 
undergo rupture to the modified parent and the derived 
product (CHART I.C.4 and CHART I.C.5). Further, these 
observations bring out the importance of p-TsOH in the 
efficient transformation of such intermediates to derived 
products. This notion derives support from the finding that 
tne monosalt 2.1 when refluxed m dry xylene wj th 4 equi- 
valents of benzylamme and 2 equivalents of p-TsOH for 12 

hours, gave a 71% yield of the derived product 8., none of 

20 

the intermediate 22. could be detected (tic) 

The transformation of 2JL. to derived products can be 
expected to be general? this has been demonstrated by reaction 
of 21. with 6 equivalents of cyclohexylamine and 2 equivalents 
of p-TsOH m refluxing xylene for 18 hours leading to the 
isolation of the derived 1-cyclohexyl 5-phenyl imidazole (14) 
m 49% yields . 

An integrated picture of the present endeavours 
relating to the generation of daughter imidazole from the 
parent imidazole JL involving alkylation on hypoxanthine as 
well as adenine are presented m CHART I.C.5. A striking 
feature of this Chart is the fact that the template operation 
leading to same daughter product are effective even though the 
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pathways traversed are structurally quite divergent 


The basic requirements pertaining to the chemical 
simulation of template operations were determined as a result 
of studies on 4-quinazolones (CHART I.C.4). Indeed, they 
appear to be superior and more efficient m the generation 
of derived products compared to the hypoxanthine systems. In 
sharp contrast, however, although, as described above, derived 
products could be obtained from 9-benzyl adenine (19 ) the 
related model, namely, 4-ammo qumazolone (23) failed. 


Interestingly, whilst the primary products for parent 
templates described thus far, namely, 4-quinazolone (4.)^ 
9-benzyl hypoxanthine (3.) and 9-benzyl adenine (1^9) are 
available by simple procedures, the preparation of 4 -ammo 
quinazolme (23.) has to be effected in an indirect manner, 
via the sequence 4-quinazolone + 4-chloro qulnazollne ■+ 
4-phenoxy quinazoline 4-amino qumazollne (23.) with an 
overall yield of 43%. / C f) 


The reaction of 4 -ammo quinazoline (23.) with 1.5 
equivalents of phenacyl bromide in dry DMF gave colourless 
crystals, mp 283-288°C to which, based on spectral and 
analytical data, structure 24 . has been assigned. The yield 
of 24, was 68%. Thus, this reaction gave the 3N-alkylated 
product without the complexities that was observed earlier m 
the case of 9-benzyl adenine ( Vide supra ) . The alkylation 
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pattern in the 23. -»• 24 change is analogous to that of 
9-benzyl adenine ( 19 ) with benzyl bromide ( vide supra ) 


24: 

mp : 

283-288°C 


lr x 

cm -1 , 3360, 3260, 3060, (amide NIi) , 

mat X 

1695 (-CO), 1675, (amide carbonyl) 


nmr ; 

6(DMSO-d 6 ): 5.5 (s, 2H, -Ct^COPh) , 6 . 7-7 . 3 
(m, 8H, (aromatic), 7. 68 (d, J = 8 Hz, 1H) , 

8.0 (s, 1H, 2-quinazolyl proton). 


Compound 24., being structurally similar to 21 that 
smoothly gave derived products, could be anticipated to 
proceed through the cycle on treatment with amines leading to 
derived products. In the event, the reaction of 24, with 
benzylamme and p-TsOH resulted .in a .complex mixture, .which 
did not contain (tic) the expected daughter product, l-bensyX 

^*,1 ******** -1 L ~ Jr 

5 -phenyl_imidazole_(&) * - 

It was envisaged that compound 24, on treatment with 
hot water, would give rise to the neutral 4-immo 3-phenacyl 
qumazolme, in a manner similar to the 1, 9-dibenzyl adenine 
salt ( vide supra ) * Further, this imino compound can be 
transformed to derived products by pathways similar to that of 
the Natural cycle (CHART I.C.l) or via those with either 
anthranilamide (CHART I.C.4) or 1-benzyl 5-amino imidazole 
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4-carboxamide (1) (CHART I.C.5) as parent templates. 

However, the reaction of 24. with hot water under 

conditions of the 20. -> 21 change took an unexpected and 

hitherto unencountered course leading to, m 77 X yields, 

the isomeric salt 25., mp 306-311°C whose structure is fully 

supported by spectral and analytical data. The 24. -> 25. 

change can be readily understood on the basis of the sequence, 

addition of water at the 2-position, rupture of the 2, 3 

21 

bond and recyclization (Dimroth rearrangement ) (CHART I.C.6). 


25 i 

mp 

306-31 1°C 


lr : 

v (KBr) cm""*': 3260, 3060 (amide NH) , 

max ' 

1690 (-CO), 1675, 1585 (C=C, C=N) 


m/z : 

263 (M + - HBr ) 


The widely divergent behaviour shown by 20. and 24. 
towards water is noteworthy. The instability of structure 2_4 
under these conditions must be attributed to the diminished 
possibilities for dissipation of the positive charge on the 
nitrogen. It is possible that the absence of formation of 
derived products on treatment of 24. with benzylamine and 
p-TsOH is also as a result of addition of the amine to the 
1,2 double bond rather than to the carbonyl function. Model 
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Mi 


25 


26 
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studies outlined earlier have demonstrated that 3-substituted 
4-qumazoJone systems do not add benzyl amine to the 1,2-bond. 
The rationalization of the success of the 4-quinazolone system, 
m contrast to the 3N-alkylated 4-ammo qumazolines in tem- 
plate synthesis, is based on the divergent behaviour towards 
22 

amines 

The structural assignment for 25. is fully supported 
by the finding that upon treatment with 5.2 equivalents of 
benzylamine and 5 equivalents of p-TsOH in refluxing xylene, 
it gave, a 56% yield of 4-benzylammo qumazoline (26) , 
identical to an authentic sample prepared from 4-chloro 
qumazoline and benzylamine. 


mp : 

1 7 2 - 1 7 3 °C 



ir : 

v (KBr) 

max 

cm -3 , 3240 ( -Nh) , 

1615 (C=N) 

nmr 

6(CDC1 3 ) 

60 MHz; 4.87 (d , -NH- 

-CH^Ph, 2H) , 


6.47 (br, 1H, -NH-) , 7.12-7.97 (m, 9H, 
aromatic), 8.46 (s, 1H, quinazolyl protoni. . 


The successful demonstration using appropriate 

- . I „ ipi T*-— *-‘*“ * ' * ""* ** T T - Virtn 1“ *^J. -T-™ 1 -T ^ run.**** 

molecular mou lds for the es 

represents s new strategy in organic synthesis, but not one 
that is alien to Nature. Such template syntheses allow 
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wide variations m terms of the parent template, the steps 
involved in the cyclic operation and the nature of the 
derived molecules. It was therefore considered appropriate 
to illustrate such possibilities with handful examples of 
compounds involving the 1,2 ene-ammo acid system or its 
equivalents as the parent template. This extended analysis 
is presented below under the heading of ’’Synthesis on 
'templates: In Prospect". 

SYNTHESIS ON TEMPLATES : IN PROSPECT 

An interesting reaction of the 1,2-ene- amino ester 

23 

system, methylanthranilate (70.) , is the formation of 

4-quinazolone 2-thiol m one step with KNCS. Further, it 
24 

has been shown that alkylation of this compound takes place 
on the sulphur. 

* The template synthesis outlined in CHART I.C.7 with 
the parent template 20. envisages the one step preparation of 
the S-alkylated product 2X by reaction with KNCS and PhCOCH^Br. 
Intramolecular cycllzatron of 71. could be carried out without 
difficulty, taking advantage of the acidic 3~nltrogen of the 
4-quinazolone, leading to the tricyclic system 72. (CHART I.C.7). 
The transformation of 72. to the template product, 4 -phenyl 
triazole (71) and the parent 70 depends upon the specific 
reduction of the thio imme unit present. Generally, 
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electrophilic reducing agents such as diborane are effective 
in bringing about such a change. Thus, CHART I.C.7 illus- 
trates a feasible strategy for template synthesis of thiazoles. 

Parallel to the primary reaction described above, is 

the effective transformation of anthranilic acid (45.) to 

3N-liganded 4-qumazolone 2-thiols with alkyl isothiocyanates. 

For example, the reaction of anthranilic acid and allyl isothio- 

25 

cyanate leads to 3-allyl 4-quinazolone 2-thiol . This 
compound exhibits a pronounced tendency for sulphur -n parti- 
cipation. Thus, the bromomum or the protonium intermediates 
generated by acceptance of electrophiles Br + or H + by the n 

system are readily neutralized by sulphur participation leading 

25 

to tricyclic compounds . The template synthesis shown in 
CHART I.C.8 takes advantage of this property. 

The reaction of anthranilic acid 45 with propargyl 
isothiocyanate can be expected to lead to the quinazolone 74 . 
This compound, in principle, could be transformed to the 
tricyclic system 75., either involving electrophilic or radical 
intermediates. As in the earlier illustration, further changes 
of this compound to the derived product, namely, 5-methyl thia- 
zole ( 16 .) and the parent 45. should involve the reduction of 
the thio imine function present. An attractive feature of 
this proposal is that the overall function of the template 
is to fold the molecule that is appropriate to generate the 


CHART I.C.7 


o / 



COOH 

NH * HC~C~CH 2 "N~C~S 
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derived products (CHART I.C.8). 

The successful template strategies described in the 
present work and the two envisaged above, all relate to 
5-membered heterocyclic systems as derived products. It 
would be of interest therefore to extend the template strategy 
for the synthesis of higher membered rings. An obvious 
route to 6-membered rings as derived products could be 
discerned on the basis of the reported thermal transforma- 
tion of anthranllamide (2_) with valerolactone . In this 
interesting reaction, the initially formed 2-liganded 
4-qumazolone either cyclises through bonding to 3-position 
or to the 1-position giving rise to, respectively, linearly 
or angularly condensed tricyclic systems . However, in view 
of the known pattern of alkylation specifically at the 
3 -position by conjugate bases of 4-quinazolone, it should be 
possible to direct the second cycllzation in a linear manner. 
The adaptability of this reaction to template synthesis is 
illustrated in CHART I.C.9 giving rise to pyridine as the 
cleri ved. products 

Starting from anthranllamide (2) as template, the 
strategy outlined in CHART I.C.9 endeavours to realise the 
formation of derived molecule pyridine by two Interconnected 
pathways. One of these proceeds through the known compound 
£8, arising from the reaction of 2_ with valerolactone. The 



pathways envisaged in the transformation of 78 to the 
derived product involves either intermediate 1_9 or 80.. The 
formation of these necessitate dehydrogeneration of 78. . A 
more attractive route is the proposed reaction of 2. with 
pyran 2-one leading to 77. that would readily cyclize to 
79 . Selective reduction of the lmine group would then lead 
to the desired tricyclic intermediate 80, which can be 
expected to fragment readily to pyridine and anthranilamide 
( 2 ) . 

The three schemes proposed in this sub-section 
hopefuLly illustrate the wide range of applicability of 
template mediated synthesis. 
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I.E. EXPERIMENTS, 

Molting points and boiling points are uncorrected. 

Ini ) a rod spool ra wore recorded on Perkln-Elmer Model 580 

spectrophotometer cither as neat liquids or as thin KBr 

discs. NMR spectra were obtained on 10-15% solutions in 

CJKJl } or CCl. or DMSO-d- on a FT-R-600 instrument. The 
3 1 6 

chemical shifts arc recorded in ppm with TMS at 0.00 as 
Interna] standard. Mass spectra were obtained on a Jeol 
instrument. Elemental analysis were carried out in auto- 
matic O, II, N analysers. Silica Gel G (ACME) was used for 
Up and also for column chromatography (100-200 mesh). 
Reactions wore monitored wherever possible by TLC . The 
orqanlc extracts were invariably dried over anhydrous 
MgSO^ and solvents evaporated in. vacuo. 
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1. Tlu* l oacl Lon, of anthranilic acid with formamide : 

PrpjM ra t .ion. ol 4-quinazolone (4) : 

Anthranilic acid (45.) (54.8 g, 400 mmol) was admixed 

with formamide (30.4 g, 675 mmol), held first at 135°C for 
i hours and then at 170-180°C for 2 hours, during which 
the evolution of ammonia ceased and the product solidified 
to a cako. ThLs was pulverized, extracted with hot water 
(200 ml), filtered and crystallized from boiling water 
(750 ml) to give 50 q (85%) of 4-quinazolone (4), mp 216°C 
(lit. 5 mp 21 6°C ) . 

ir . v (KBr ) cm" 1 : 3200, 3170 (amide NH) , 
max 

1700 (amide carbonyl) . 

Ti. The reaction of anthranll amide (2.) with DMF -acetal . 

Preparation of 4-quinazolone (.4) : 

A mixture of anthranllamide (2) (0.680 g, 5 mmol), 

dimethyl acetal of dimethyl formamide (1 ml) and dry benzene 

(10 ml) was held at reflux for 12 hours, cooled, filtered 

and washed with benzene to yield 0.400 g (55%) of 

4 -quinazolone, mp 215°C (lit. mp 216 C) . 

ir . v (KBr) cm”" 1 > 3200, 3170 (-NH) , 1700 
xr ' max 

(amide carbonyl) * 
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111. The r oac Li on ol 4-qumazolone <4J with o-phenylene- 

di amine: Isolation of 3- (o-ammophenyl ) 4-qumazolone (5): 

A nuxture of 4. (4.38 g, 30 mmol) - prepared from 

4 

ant brand 1 amide (2) and DMF-acetal - and o-phenylenediamme 
(i,?4 (], 30 mmol) was held at 190-200°C for 3 hours; chroma- 

tography ol the residue on silica gel and elution with 
PhU: NIOAo: : 30:70 gave 0.71 q (10%) of 5. Yellowish brown 
n entiles, nip H0°C. 

tic : Phil: EtOAc a 50 :5Q; Rf.0.5 

Anal, Cald . for C^Hj^G (Mol. Wt. 237) 

C, 70.88 ;H,4 . 64 ? N, 17.72% 

Found: C, 70.59; B, 4.85; N, 17.99% 

1r : v (KDr) cm" ^ ? 33 00-2800 (MH 2 ), 

1 max 

1690 (C-0) , 1615, 1565 (C=C, C=N) 
m/a s 146, 119, 91. 

IV.’ The reaction of 5 with aqueous NaOH: Isolation of derived 
product bonzJmldazoJ ; e_aPA. anthra hl lj - c l a( ^ - d - : 

A suspension of 5. (0.1 g, 0.42 mmol) in aqueous NaOH 
<LN, 10 ml) was refluxed for 12 hours, cooled, extracted with 
CHC1 3 (3 x 20 ml), dried, evaporated and the residue on ^ 
crystallization from benzene gave benz imidazole, mp 170 c 
(lit . mp 170~173°C), yield 0.037 g (73%). 

adjusted to pH ~ 7 with 2NH2®®^, 


The aqueous layer was 
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ext I net oil with C IK’ 1 2 (3x20 ml), dried, evaporated and the 
tor. I duo on crystallization from benzene gave 0.046 g (79%) 
of ant hi mil Lie netd, mp 146°c (lit. mp 144~146°C) . 

V. The reaction of 4-quinazolone (£) with phenacyl bromide: 

Preparation of 3-phenacyl~4-qumazolone (6_) : 

Phenacyl bromide (7,96 g, 40 mmol) was added to a 
notation of the potassium salt of £ in MeOH-prepared from 
0 . 58 M KOI I in dry MeOH (100 ml) and 4 (5.84 g, 40 mmol) - and 
the solution loft stirred at rt. overnight, filtered, the 
filtrate evaporated and the residue chromatographed on a 
Hhoi t column oT silica gel. Elution with PhH: EtOAc: : 70 : 30 
gave 6 as colourless prisms, mp 159°c, yield 4.2 g (40%). 

tic : Phil: EtOAc: : 80 : 20? Rf . 0,5 

Anal. Cald. for (Mol. Wt. 264) 

C, 72.72; H, 4.54; N, 10.60%) 

Founds C, 72.80? H, 4.39? N, 10.82% 

: v (KBr) cm" 1 : 1690 (C=0), 
u max 

3 665 (aniide carbonyl) 

nmr : 6(CDCl 3 ),60 MHz : 5.45 (s, 2H, -CH,,), 

7.35-8.45 (m, 10H, aromatic) 
m/a t 264 (M + ), 159 (M + - PhCO). 
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VI. The j (Mellon of A -qui na zolone (4j with bromoacetone: 

L'u'pui (\lion of 3-acoLonyl 4 -quinazolone (X) 

The loactton of bromoacetone (6 g, 43 mmol) with the 

potassium sail of 4, In MeOH-prepared from 0.53 M KOH (100 ml) 

ami 4 (5. 84 cj, 40 mmol) - as described in Experiment V, gave 

27 o 

4 <j (GO st) of 7 s colourless needles, mp 158°c (lit. mp 159 C). 


Mr : PhU: EtOAC:: 80 i 20; Rf. 0.3 

Anal. Cal d, for C n H 10 N 2 ° 2 (Mol. Wt. 202) 

C, 65.35? 4.95? N, 13.86* 

Found: C, 65.80, II, 5.25, N, 13.77% 

it : v (KBr) cm 4 , 1720 (C~0) , 1675, 1610 

max 

(amide carbonyl, C=C) 

nnu : t$ (CPCl^), 60 MHz : 2.35 (s, 3H, -COCH 3 ) , 4.85 

(& t 2H, -CH 2 ), 7. 3-8.4 (m, 5H , aromatic) 

m/7. : 202 <M ,+ ) , 159 (M + - COCHj) 


•Cl,. The react Lon of 3-phenacyl, 4 -quinazolone (6) with 

bo^r am l nirTso l ation of the derived imidazole 8 __and 

modified parent JjQ.® 

A^atirred mixture of 6. (0.528 g, 2 mmol) beneylamine 
(0.856 g, 8 mmol), anhyd. p-TsoH (0.76 ,, 4 mmol) and dry 
(ylene (50 ml) was refluxed for 12 hours, cooled, solvents 
evaporated and the residue chromatographed on silica gel. 
Elution with PhHiEtOAc: j80:20 gave 0.31 g (71*) of anthranil- 

oenaylamide Ofi.),"® 123 ° c mp 123 C) ’ 


1 
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1 1 <: 1 PhU: EtOAc: : 80 :20; R£. 0.7 

lr J V max (KDr) cra_1 ; 3480, 3310 (NI-j 2< NH) ,1630 

(amide carbonyl) 

nmr ! <s (CDC1 3 ), 60 MHz : 4.55 (d, 2H, -CF^Ph) , 5.25 

(br, 2H, -NH 2 ), 6. 7-7. 5 (m, 10H, 
aromatic) . 

[ 

l' U L l hoj elution With Phil :EtOAc: : 60 : 40 gave 0.33 g 
(69%) ol the template product, 1 -benzyl— 5-phenyl imidazole j 

(8) us colouriosa needles from benzene, mp lll°c. ! 

i 

i 

tic : Phil: EtOAc:: 80 :20; Rf. 0.3 ! 

i 

Anal. Cal d. for C 16 H 14 N 2 ( Mol « wt * 234 ) [ 

C, 82.05; H, 5.98; N, 11.97% I 

Found: C, 81.76; H, 5.44; N, 11.80% 
nmr s 6 (CDCl^) , 60 MHz : 5.1 (s, 2 b , ~CH 2 Ph) , 

6. 7-7. 9 (m, 12H, aromatic) 
m /’/. : 234 (M*’). 

VIII. The reaction of 3-acetonyl 4~quinazolone (7.) with 
benzylamine: Isolation of the daughter imidazole 9. 
and the modified parent .10 ; 

The reaction of 7 (0.606 g, 3 mmol) with benzylamme 
(3.28 g, 12 mmol) and p-TsOH (1.14 g, 6.6 mmol) in dry xylene, ; 

(50 ml) when carried out exactly as described in Experiment VII, . 


I 
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q.iVC 0. : <| (45*) of aiuhranllbenzylanide (10 ) and 0.284 q 

(55J.) of (ho doitvod product, 1-benzyl 5-methyl imidazole 
(9) mp 99°C. 

' PhH:EtOAo: : 8 0 :20, Rf. 0.3 
AnuJ . CdJd. for C H » (Mol . Wt. 172) 

C, 76.74; H, 6.97; N, 16.28% 

Foimcl s C, 76.40; II, 6.30; N, 16.57% 
nmr : 5 (CDCl^) , 60 MHz : 2.1 (s,3H, ~CH 3 ), 5.05 

(a, 2H, -CH^Ph) , 6.85-8.2 (m, IB, aromatic) 
m/a i 172 (M + ). 

IX. Tho reaction of anthranilbenzylamide ( 10 ) with methane 
s vU phonic acid: Regeneration of the parent J2: 

A stirred mixture of 10 (0.363 g, 1.6 mmol), MsOH 
(1.54 q, J6 mmol) and dry xylene (15 ml) was refluxed for 
10 hours, solvents evaporated, neutralized with aqueous 
ammonia, extracted with CHCl^ (3x20 ml), dried and evapora- 
ted. The residue on chromatography over a short column of 
silica cjel and elution with PhHsEtOAc: : 1:1 gave 0.185 g 
(84%) of anthranilamlde (2.) mp 110°c (lit. mp 110°c) . 

Lie : PbH: EtOAc ; : 90:30? Rf. 0.8 

i r . v (KBr) cm’”'*' ; 3440, 3060 (br, NEL)i710 (amide 

max * 

carbonyl) . 


\ 
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X. The reaction ol 3-phenacyl 4-quinazolone (6.) with 

Qe,( u v Isolation of daughter product 1-octa - 

docyl 5 -phony 1 imidazole (11_) and anthraniloctadecylamide 
(13) : 

A stirred mixture of 6. (0.528 g, 2 mmol), octadecyl- 
umtnc; (2.15 q, 8 mmol), anhyd. p-TsOH (0.95 g, 5 mmol) and dry 
xylene (40 ml) was refluxed for 18 hours, solvents evaporated 
and the residue chromatographed on silica gel. Elution with 
Phil: HtOAc : : 80 s 20 gave 0.27 g (35%) of 1J3; colourless crystals, 
rnp. 86~87°C. 

tic : Phil: EtOAc: ; 50:50; Rf. 0.7 

dr : V (KBr) cm” 1 ? 3500, 3400, 3330, (NH , NH) , 

max *• 

1640 (C=0), 1590, 1550 (C=C, C=N) 

nmr : 6(CDC1^),60 MHz: 0.63-1.73 (m+s, 35H, -C 

( C I1 2 ) 16 -GH 3 ), 3.33 (m,2H, "CH 2 -(CH 2 ) 16 -CH 3 ), 
5.2 (S, 2H, NH^, 6.05 (br, 1H, -CONH) , 6 . 43-7 . 43 
(m, 4H, aromatic). 

m/z : 388 (M + ). 

Further elution with PhH: EtOAc :: 70:30 afforded template 


product UL (0.26 g, 33%) as a low melting solid. 


tic : 

PhH: EtOAc :: 50 : 50 ; Rf. 0*3 

nmr : 

5(CDC1 3 ), 6Q MHz: 0.6-1.75 (m+s, 35H, -CH 2 -. (CH 2 ) l6 


-C£L) ,3.95 (t, 2H,-CH -(CH 2 ) 16 - ch 3 > ' 6 . 95-7 . 85 

0 


(m+s, 7H, aromatic) 


f 
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m/vs : 196 (M 4 ). 

XX. 'J'ho r cacti on of 3-acetonyl 4-quinazolone (7) with 
ootad ecylamlne: Isolation of the derived product , 

1 -octadocyl 5-methyl imidazole ( 12 ) and amide 13.: 

The reaction of 3-acetonyl 4-quinazolone (7.) (1 

5 mmol) and octadecylamine (4 q, 15 mmol) , promoted by 
p TnOIl (1.9 (), 10 mmol) in dry xylene (40 ml), when carried 

out jM'eoimjJy as described in Experiment X gave 0.612 g 
(3 I X) of nnlhran lloctadecylamlde (13.) mp 86-87°c and 
0,296 cj (1 8 55) of the derived imidazole 12. as a low melting 

soJ .1 d , 

Uc : Phil: EtOAc: s 70:30; Rf . 0,17 

nmr : 6 (CDC1 3 ), 60 MHz: 0,65-1.85 (m, 35H, -CHj- <CH 2 ) l6 

-CHJ, 2.27 (», 3H, -CH ), 3 80 (t, 2H, -CH 2 

- (ch 2 ) 16 -CH 3 ) 7,25 (s, 1H, aromatic) , 7.35 

(s, 1H, aromatic), 
m /S', j 33 4 (M + ). 

XIX. The react Jon of 3-p henacyl 4-quinazolone (6) with 

nvclohexvl-..am lnai~£ a S) I tt ™ <* daughter prpaa st. 

J -cyclohexyl 5-phenyl Imidazole (14) and anthranilcyclo- 

hexylamlde (15,) * 

The reaction of 6 (0.528 g, 2 nmol) and cyclohexylamlne 
(0.792 ,, 8 .nmol), promoted by anhyd. p-TsOH (0.76 ,, 4.4 mmol) 
in dry xylene (50 ml) , when carried out precisely as described 
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in Kxpoi imont VI l qave 0,115 g (65%) of anthranil cyclo- 
hexyl am I do (15J , mp I54°c (lit. 28 mp 154°c) . 


tic : PblljEtOAc: ; 80s 20; Rf. 0.7 

ir : v (KBr ) cm" 1 ? 3470, 3360, 3290 (NH) , 1620 

max 

(amide carbonyl) 

nmr s 6 (CDCl ^ ) , 60 MHz: 0. 6-2.3 (m, 10H, -C 6 fi i;I )/ 

3.85 (br, 1H, C 6 H u ), 5.5 (br, 2H, -NH^) , 5.9 
(br, 1H, -CONH) , 6. 4-7. 3 (m, 4H, aromatic). 


Further elution with PhH.-EtOAc: : 60: 40 gave 0.14 g 
(70%) of tho derived product 1-cyclohexyl 5-phenyl imidazole, 
colourless thick liquid bp. 180°C/0.1 torr. 


tic : Phil: EtQA.cs :80 s 20 ; Rf . 0.3 

Anal. Cald. for c i 5 H i8 N 2 (Mo1 ' Wt * 226 * 

C, 79,65? H, 7.96? N, 12.38% 

Found :C, 79.35; H, 7.48? N, 12.40% 
nmr j 6 (GDC1 3 ), 60 MHz: 1-2.35 (m, 10H, 

3.85 (br, 1H, -C 6 H u >, 7.35 (br, s, 7H, aromatic) 

m/2 • 226 (M + ) . 


, * i vw=.n*vl 5 rmrinHm1d n, * r>l * a 4 -carboxamide 

Kill. ^ 

(1 ) With formamiaa: The preparation of 9 - benz y j jH^j- 

thine Q. ) : 

- i m 17 Q a, Q.8 mmol) and formamide 
A mixture of t w* 1/u g ' 

. 195°C for 0.75 hours, cooled, 

(0.7 ml, excess) was held at u ro 
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admlxoci wlLh Ice -cold water (5 ml), filtered and crystallized 
iiom hot water to give 0.120 g ( 67 %) of 3, mp 291°C (lit. 29 

li 

297°C). j 

I: 

It * V max^ KBr ^ 17°° (amide carbonyl), 1590 

1550, 1520 (OC, C=N) i' 

XIV. The rea ction of 9-behzvl hypoxanthine with j 

i 

p)ie naevl bromide: Preparation of 1-phenacyl 9-benzvl 
hypoxanthine (16,): j 

i 

Phcnacyl bromide (1.86 g, 9 mmol) was added to a 
solution of the potassium salt of 9-benzyl hypoxanthine in j 

MeOll-proparod from 0,41 M KOH in dry MeOH (50 ml) and | 

9-benzyl hypoxanthine (1.06 g, 4.6 mmol) - the reaction J 

mixture loft sLirred at rt., overnight, filtered, the filtrate 
evaporated and the residue chromatographed on silica gel. 

Elution with CllCl^JMsOh: 96 :4 gave 1.3 g (82%) of 16. as colour- , 

loah prisms, mp 201°C, 

tic s CHC1 3 : MeOH : : 90:10? Rf. 0.7 
Anal. Cald. for (Mol. Wt. 344) 

c, 69.76; H, 4.65; N, 16.28% , 

Iburxd: C, 69.32; H, 4.15? N, 16.61% 

, v (KBr) cm" 1 , 1700 (carbonyl), 1610, 1590 

’ max 

(C=C, C*N) 

, 6 (CDC1 >,60 MHz s 5.3 <s, 2H, -CHjCOPh) , 5.5(s,2H, j 

-Cg Ph?, 7. 2-8. 2 (m, 12H, aromatic) ] 


ir 


nmr 
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in/ a s 344 (M 1 '), 239 (M + - PhCO). 

XV. The read j on of 1-phonacyl 9-benzyl hypoxanthine ( 16 ) 
w ith bonzylamine: Isolation of the derived Imidazole 
(8) and i he modified parent imidazole (17) : 

A stirred mixture of .16 (0.344 g, 1 mmol), benzylamine 
(0.428 <j, 4 mmol), anhyd. p-TsOH (0.57 g, 3 mmol) and dry 
xylono (30 ml) was refluxed for 12 hours, cooled, solvents 
ovaporaLod and the residue chromatographed on silica gel. 
Elution with PhH: EtOAc : : 1 : 1 gave 0.084 g (36%) of the 
daughter product 1-benzyl 5-phenyl imidazole (i) mp 111°C. 

Further elution with PhH: EtOAc: : 2s 3 afforded 0.1 g 
(33%) of 5-amino >1, N-dibenzyl imidazole 4 -carboxamide; 
colourless prisms, mp 159-160°C (lit. mp 161 C). 

tic s CI1C1 3 :MeOH: : 8 0 :20 , Rf. 0.3 

• •) r . v (KHr) cm'" 3 ’, 3400, 3300 (-NH) , 1630 

max 

(amide carbonyl) 

nmr : 6(CDCl 3 ),60 MHz: 4.45 (d, 2H, -CONHCj^Ph, 

+ D 2 Q s), 4.7 (br, 2H, -«H 2 , exch. D 2 0), 

4.8 (s, 2H, -Cfl 2 Ph), 6. 8-7. 7 <m, 12H, -NH and 

aromatic) . 
m/z : 306 (M + ). 
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XVI. Tho ioat'lLon of 9-benzyl hypoxanthine (3) with 

)Aromo>\c olp.n,e: Preparation of 1-acetonvl 9-benzyl 
hypoxanthine (JL8_) s 

Tho reaction of bromoacetone (1,3 g, 9 mmol) with the 
potassium salt of 9-benzyl hypoxanthine in MeOH-prepared 
fiom 0.14 M KOH in dry MeOH (50 ml) and 9-benzyl hypoxanthine 
(1.06 tj, 4.6 mmol ) - done precisely as described in Experiment 
XIV, quvo 0.0) q (66%) of 18., colourless needles, mp 155-158°C. 

lie s CHClg iMeOH: : 90 :10 ? Rf. 0.5 

Anal. Cald. for (Mol. wt. 282) 

C, 63.83; H, 4.96; H, 19.86% 

Found: C, 64.10; H, 5,30; N, 19.35% 

lr i v (KBr ) cm" 1 ; 1715 (br, c=0) 

ntsx 

nmr » <5(CDC1 3 ), 60 MHz s 2.25 (s, 3H, -C0CK 3 ), 

4.95 (fl, 2H, -CHgCOCH^ ) , 5.3 (s, 2H, -CH 2 Ph), 

7.3 (s, 5H, phenyl), 7.75 (s, 1H, imidazolyl 
proton) / 7.95 (s, 1H, pyrimidyl proton) 
m/z i 282 (M + ), 239 (M* - “ COC H 3 ) . 
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i 

i 

XVII. Tho re action of l~acetonvl 9-benzyl hypoxanthme 

(L.8J with benzylamine : Isolation of the derived j, 

imidazole 9. and the modified parent imidazole 17 [ 

A stirred mixture of 18. (0.282 g, 1 mmol), benzylamine | 

I 

(0.428 g, 4 mmol), anhyd. p-TsOH (0.57 g, 3 mmol) and dry j 

xyleno (30 ml) was refluxed for 12 hours, solvents evapo- 
rated and the residue chromatographed on silica gel. Elution 
with Phil: EtOAc t :1 H gave 0.050 g (30%) of the derived 
product l-benzyl 5-methyl imidazole (9.) mp 99°c. Further 
elution with PhlUEtOAcs :2 s3 gave 0.079 g (26%) of 5-amino-l, j 

N-dLbenzyl imidazole 4-carboxamide (17.) as colourless prisms, j 

mp 161°C, I 

,1 

XV II I. N-dlbenzyl ,, imidazole , = 4 - 

carboxami de (17J with methanesulphonlc acid; 

Regeneration of parent JL s , 

• A stirred mixture of 17 (0.28 g, 0.9 mmol) and MsOH ; 

(1.5 ml, excess) was held at 125-130°c for 3 hours, cooled, ; 

added to cold water <~ 10 ml), neutralised with aqueous ; 

ammonia, filtered, washed with cold water and dried. 

Crystallization from ethanol gave 0.176 g (88%) of 1, , 

colourless prisms, mp 25 6°C (lit. mp 257 C). 


[ 

I 

I 

I 

i 

f 

} 

\ 

I 


f 
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X JTX . Tho transformation of the daughter product 5-methvl 

1- benzyl imidazole (9,) to dl-histldine : 

5-Formyl 3 -benzyl imidazole (30) : 

A mixture of 9 (0.172 g, 1 mmol), Se0 2 *3» 

1.2 mmol) and glacial AcOH (5 ml) was refluxed for 10 hours, 
evaporated and the residue chromatographed on silica gel. 
Klution with FLO Ac s { M eO H :8 0 : 2 0 gave 0.066 g (35%) of 
5- formyl 1 -benzyl imidazole which was used as such in the 
following experiment, 

dr : v (neat) cm"' 1 ’? 1690 (-CB0) 

max 


5-Uydroxy methyl 1-benzyl imidazole (.28.) t 

A solution of the above aldehyde in dry MeOH (10 ml) 

was admixed with NaBH 4 (0.100 g, 2.38 mmol), left stirred 

at’rt. for 5 hours, evaporated and chromatographed on silica 

qol. Klution with EfcOAc s ;MeOH: 80 ;20 gave 0.041 g (61%) 

" o 16 

oE 5-hydroxy methyl 1-benzyl Imidazole mp 134 c (lit. 

nip, 134 -13 5°C) Identical to an authentic sample prepared 

from D -fructose. 


tic 

nmr 


PhHiEtOAc s t 50 s50,* Rf. 0.4 

(S (CDCI 3 ) , 60 MHz : 4.46 (s, 2H. -CB 2 OH) 

4.7 (s, 1 H, ~CH 2 0£) , 5.14 (s, 2H, -CH 2 Ph) , 

6.61-7.91 (m, 7H, aromatic) 
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4 {5)-iJydroxy methyl Imidazole (31.): 

The deprotection was achieved in quantitative 
yjclds by hydrogenation over Pd/c Picrate, mp 202-203°C 
(lit. 13 mp 203°C). 

dl -Histidine (34) : 

4 (S)-Hydroxy methyl Imidazole was transformed to dl- 
liistidino by known procedures 1 ^ ' 1 ^. The amino acid thus 
obtained was identical in all respects to an authentic 
sample. 


XX, 9-Banzsyl adenine (19.): 

Sodium salt of. adenine : 

A suspension of adenine (5 g, 37 mmol) and NaH 
(0,65 g, 27 mmol as 50% dispersion in mineral oil) in dry 
DMF (60 ml ) was left stirred at rt. for 3 hours. The 
resulting white suspension of the sodium salt was used as 
such in the next experiment. 


9-Benzyl adenine (i§.) * 

To the stirred suspension of sodium salt of adenine 
was added in drops benzylbromide (5 ml. 42 mmol) and the 
resulting mixture left stirred at rt. for 24 hours, refri- 
gerated overnight, filtered and crystallised from 95* ethanol 
to give 2.25 g (27*1 of IS. »P 23 2-233°C (lit. 18 mp.234-236°C). 
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: (PMSO-dg), 100 MHz: 5.4 <s, 2H , -CH 2 Ph) , 

7.3 (m, 5H, phenyl), 8.0 (s, s, 1H, 1H) . 

XXI. The reaction of 9-benzyl adenine (19.) with, phenacyl 
bromide: Preparation of the bis-alkylated salt 2j0: 

A stirred solution of ljJ. (2.25 g, 10 mmol) and 
phonnoyl bromide (3 g, 15 mmol) in dry DMF (50 ml) was left 
stirred, overnight at rt., evaporated, the residue washed 
with dry othor (3 times) and crystallized from absolute 
MoOH to gtvo 2.218 g (35%) of 20? colourless prisms, 
mp 21 9~223°C 

Anal. Cald. for C2g H 25^5^2 Br 2 (Mol. Wt. 623 ) 

C, 53.9; H, 4.0? N, 11.2% 

Found! C, 55.68? H, 4,43? N, 10.82% 

Repeated elemental analysis gave the same results. It is 
possible that 2Q. is always admixed with some 21. 

ir . V (KBr ) cm" 1 , 3420, 3060 (NH) , 1690 (C=0) 

M # max 

1630, 1600 (C=C, C”N) . 

XXXI. Hydrolysis of the Ms-salt 20,= Preparation of the 
mono salt gX ; 

A suspension of the Ms-salt 20 (1.2 1.93 mmol) 

in water (90 ml) was left Immersed In boiling water for 

t a filtered and crystallized from MeOB to 
0.25 hours, cooled, filterea 
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qlvc 0.96 g (92*) of the mono -salt n? colourless needles, 

«np. 225-228°C. 

Anal. Cald. for c 28 H 24 N 5°2 Br Wt. 542) 

C, 61.9? H, 4.4? N, 12.9% 

Found: C, 62.0? H, 4.2? N, 12.9% 

ir : v max ^ KBr ) cm" 1 , 3460, 3020 (amide), 1710 (C=0), 
1660, 1600 (C C, C«N) 

1 

II nmr: 6(DMSO~d 6 ) 200 MHz : 5.05 (s, 2H, -CH 2 COPh) , 

5.7 (s, 2H, -CHgPh) , 6.4-7* 1 (m, 16H, phenyl), 

7.35 (d, J = 8H 2 , 2H, -NHCH 2 COPh) , 7.91 (s, 1H, 

6-purine proton), 8.75 {s, 1H, 2-purine 

proton) 

13 

C nmr s <$ (DMSO-d g) ? 190.8 (carbonyl), 145.5, 136.0, 

134.7, 134.5,133.9, 133.8, 131.6, 129.1, 128.9, 

128.7, 128.3, 125.6, 114.1, 109.59, 55.7 (-CH 2 ), 
49.1 (-CH 2 ) . 

XX III. The reaction of the bis-alXylated mono-salt 21, with 



dlato 22 . au<3 daughter product 1 -benzyl 5 -phenyl 
Imidazole (J3) : 

A mixture of 21 (0.9 g, 1.66 mmol), benzylamine 


(1.2 ml, 11.2 mmol) and dry xylene (30 ml) was refluxed for 

1 

4 hours, evaporated and chromatographed on silica gel. i 

Elution with PhH: EtOAo : : 65: 35 gave 0,25 g (28%) of the 

i 

i 

i 

f 
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on amine colourless crystals, mp, 136~138°c. 

Uc : 100% EtOAc? Rf. 0.7 

Anal. Cald. for C 34 H 30 N 6 {Mol. Wt. 522) 

C, 78.16? H, 5.74 
Found : C, 78.2? H, 5.43 

: cm 3240 (amide) 

1630 (CO) 

nmr : 6(CDC1 3 ),6 0 MHZ: 3.7 (m, 2H, -NH-CH 2 Ph, +D 2 0, q) , 

4,22 (s, 2H, “N~CH 2 Ph), 4.75 (s, 1 H, -CH-C (NH) Ph) , 
4.85 (s, 1H, -CH 2 Ph) , 5.2 (m, 1H, NH, exch. with 
D 2 0), 7, 2-8.0 (m, 23H, aromatic) 
m/z s 522 (M + ). 

Further elution with PhH: EtOAc: : 55 :45 gave 0.153 g 
(38%) of the derived product 8.,mp lll°c. 

f 

XXXV. The reaction of 22 with benzylamine: Demonstration of 
the intermediacy of 22. in the formation of the 
daughter product 8.: 

A mixture of 22 (0.25 g, 0.478 mmol), benzylamine 
(0.2 g, 1,9 mmol), anhyd. p-TsOH (0.108 g, 0.57 mmol) and 
dry xylene (30 ml) was refluxed for 6 hours, evaporated and 
chromatographed on silica gel. Elution with PhH: EtOAc :? 60:40 
gave 0.098 g (88%) of the derived product 1-benzyl 5~phenyl 
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imidazole (13), mp. 110~131 o c. 

XXV. The reaction of 21, with benzyl amine and p-TsOH: The 
direct transformation to the derived imidazole 8_: 

A mixture of 21 (0.238 g, 0.45 mmol ) , benzylamme 
(0.2 g, 1.8 mmol), anhyd. p-TsOH (0.17 g, 0.9 mmol) and 
dry xylene (20 ml) was refluxed for 12 hours, evaporated 
and chroma toefraphod on silica gel. Elution with 
Phil :KtOAc : : 60 :40 gave 0,07 g (72%) of the derived Imidazole 
8.,mp. 113°C. 

XXV i, The reaction of 21_ with cyclohexylamine and p-TsOH: 

Isolation of the derived product 1-cvclohexvl 5-ohenvl 
imidazole (14.) : 

A mixture of 21. (0.450 g, 0.83 mmol), cyclohexylamine 
(0.520 g, 5.25 mmol), anhyd. p-TsOH (0.300 g, 1.57 mmol) and 
dry. xylene (30 ml) was refluxed for 18 hours, evaporated 
and chromatographed on silica gel. Elution with PhHrEtOAc:: 
70 ;30 gave 0.091 (49%) of 14, colourless thick liquid, 
bp. 3 8 0°/0 , 1 torr. 

XXV IX, 4 -Amino quin azoline (£3) ; 

4 -Chloro ap inazoline: 

A mixture of 4-cjulnazolone (4) (11 g, 75 mmol), PC1 5 

(21 g, 100 mmol) and POCI3 (80 ml) was refluxed for 2 hours, 
evaporated, admixed with CH 2 C1 2 (100 ml), poured onto crushed 
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Leo (~ 200 q), adjusted to pH ~ 8 with aqueous ammonia, 
oxtiaolod with CI^C!^ (2 x 50 ml), dried, evaporated, 
dissolved in benzene, passed through a short column of 
alumina and eluted with PhH:EtOAc :: 6* 1 to yield 10 gm 
(81%) of 4-chloroquinazoline,mp. 97°C (lit. mp 97 C). 

4- Phonoxv quinazollne : 

4 -Chloroquinazol ine (5 g, 30.3 mmol) was added to a 

solution of potassium phenoxide (35 mmol) in phenol (60 g), 

hold at 70°C for 1,5 hours, cooled, cautiously admixed with 

aqueous 2N WaOIl(50 ml), extracted with ether (3 x 50 ml), 

washed with 2NNa0H (4 x 60 ml), dried, evaporated and the 

residue on crystallization from hot hexane gave 4.8 g (71%) 

3 2 o 

of 4-phcnoxy quinazollne, mp. 76-77°C (lit. mp 77 C). 

4~Amino quinazollne (23.) : 

4~Phenoxy quinazollne (4.8 g, 22 mmol) was added to 
NIl^OAc (24 g) held at fusion (160°C), the mixture heated at 
i,90°C for 0.1 hour, cooled, admixed with water (10 ml), 
adjusted to pH ~ 10, With 2N NaOH( - 50 ml), filtered and 
the residue on crystallization from hot methanol gave 2.3 g 
(74*) of a3ra P 265-266°C (lit , 32 mp. 266°C) . 
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XXVI 1 1 . The alkylation of 4-amino gulhazoline ( 23 ) with 
pbonaovl bromide: Isolation of 3N~alkvlated 
sail 2£* 

The reaction of 23. (1.45 g, 10 mmol) with phenacyl 
bromide (3 q, 15 mmol) when carried out precisely as 
described for 9-benzyl adenine (19,) (Experiment XXI) gave 
2.1 {( (68 ft) oF 24 ; colourless crystals, mp 283-288°C. 


Anal. Cald. for C l6 H 14 N 3 OBr (Mol. Wt. 344) 



C, 55.8; H, 

4.07; 

N, 12. 

20% 


Found: 

C, 55.9? H, 3. 

78? N, 

11.98% 



1 JT 5 

W (KDr) cmU? 

3360, 

3260, 

3060 

(-NH) , 


1 695, 1675 (CO) 





nmr : 

S(DMS0~d 6 ), 20 0 

MHz : 

5.5 (s, 

2H, 

-CH 2 COPh) , 


6. 7-7.3 (m, 8H,aromatic) , 7.68 (d, J-8 Hz, 1H) , 

8.0 (s, 1H, 2 -guinazolyl proton) . 

XX 'IX. The reaction of 2j with hot water: Isolation of 2£ 

aiMlliM rearrangement i 

The treatment of the salt 24 (1.7 g, 5 mmol) with hot 
water (100 ml) precisely as described in Experiment XXII gave 
1.3 g (77 X) of the Dimroth rearrangement product 25; white 

needles, mp. 300-311°C. 

Anal. cald. for C 16 H 14 » 3 °Br (Mol. wt. 344) 
c, 55 . 8 ; H, 4.07% 
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Found s C, 56.0? 3.99% 

1r : v max (KBr) cm" 1 , 3260,3060 (amide) 1690,1675 

(amide carbonyl). 
m/7. : 263 (M + - HBr) . 

XXX. The reaction of salt 25, with benzyl amine and p-TsOH: 
The Isolation of 4 -benzyl amino quinazoline (26) ; 

The reaction of 25. (0.44 g, 1.28 mmol) with benzyla- 
mlno (0.716 q, 6.69 mmol) and anhyd. p-TsOH (1 g, 6.26 mmol) 
In dry xylone (30 ml) when carried out exactly as described 
in Experiment XXV gave 0.172 g (56%) of 26,, mp 172-173°C 

tic s PhHsEtOAc:: 50 :50? Rf. 0.7 
Anal. Cald. for C 15 H 13 N 3 (Mol. Wt. 235) 

C, 76.6? H, 5.5? N, 17.8% 

Found : C, 76.4? H, 5.32? N, 17.51% 
j r s V maX (KBr) cm -1 , 3240 (amide) 1615 (C=C) 

nmr : 5 (CDCI 3 >, 60 MH 3: 4.87 (d, +D 2 0, s, 2H, 

-NHCH^Ph) 6.47 (br, 1H, -NH) , 7.12-7.97 
(m, 9H, aromatic), 8.64 (s, 1H, quinazolyl 

proton) . 

m/z : 235 (M + ). 

XXXI. 4-Benzyla mino quinazoline (£6) ; 

A stirred solution of 4 -chloroquinazoline (0.49 g, 

3 mmol) in dry benzene (50 ml) we admixed with benzylamine 
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(0.481 q , 4.5 mmol), the mixture left stirred at rt. for 
12 hours, evaporated and chromatographed on silica gel. 
Elulton with PhH:EtOAc: :65:35 gave 0.29 g (49%) of 26 , 
mp. 172-173 °C (lit. 33 mp 172°C) . 
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CEftPTER II 

COMPETING PATHWAYS IN TEMPLATE 
SYNTHESIS : ALKALI MEDIATED 
RING-RING TRANSFORMATIONS IN 
4 -QU INA20L0NES 

II. A. INTRODUCTION 


An Important step In the ATP- Imidazole cycle is the 
hydrolytic cleavage oi an alkylated adenine/ resulting in the 
regeneration oC the template amide grouping. A similar pathway 
with the* model system, 3-substituted 4-quinazolones, would 
result )n the hydrolytic rupture of the 3, 4-bond. However, 
all such endeavours, which is the focus of the work cited in 
this part, did not succeed. Nevertheless, these studies are 
noteworthy in that they have led to the demonstration of subtle, 
interesting and novel properties of these compounds. 

Every attempt to effect the hydrolytic cleavage of the 
3, 4 -bond of a range of 3-substltuted 4-quinazolones invariably 
led to products arising from 2,3-bond cleavage and loss of 
elements of formic acid. To steer the system from proclivity 
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i j <>m 2, 3 olonvnqe, the 2-blocked compound , 2-methyl 
1 phonaeyl 4-quinazolone was prepared. The action of dilute 
alkali on this compound, gave, in quantitative yields, a 
novel aromatic tricyclic system, demonstrating that this 
reaction is entirely controlled by the conjugate base of 
the 2-mot hyl grouping, thus effectively precluding the 1,2 
and 1 , 4 -bond cleavage as well as intramolecular enolate 
addition. in sharp contrast, this propensity was entirely 
cm r bod with 2 —methyl 3-benzamido 4 -quinazolone which on 
treatment with dilute alkali gave only the triazole arising 
from the expected 3,4-bond cleavage and the unwanted subse- 
quent eyoli'/atlon involving the IN position. The latter 
tendency could not be overcome with 2-phenyl 3-benzamido 
4 -quinazolone which again gave, on reaction with dilute 
alkali, the triable. 2-Phenyl 3-benzamido 4-qumazolone 
underwent hydrolytic cleavage in distilled water at 200°c 
loading to a multitude of products arising from 3,4-bond 
cleavage. All those products have been characterized and 

thejr formation explained. 

Heterocyclic systems possessing two or lore nitrogens 
in the ring are usually prone to attack by hydroxide ions. 

Hot Infrequently, such reactions lead to products where the 
parent ring gets ruptured and a new ring gets fo^ed. These 
interesting transformations in reaction mechanisms 


are quite 
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and a voi y btlof account of this aspect is presented as an 
nppi opL 1 at o bnckcp ound (SECTION II. B) for the work that is 
dcnci 1 bod in Iho following section (SECTION Il.c). 



I 

I 
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U. B, BACKGROUND 

As st a Led in the introduction (SECTION II. A), hetero- 
cyclic ring systems carrying two or more nitrogens are 
suiicoplr 1 bl o to aqueous hydroxide. Such processes lead 
not 1 »ft equont ly, lo ring-ring transformations, a pathway 
In which n now ring is formed at the expense of the parent. 

Thin nnpocl has been highlighted in the book entitled, 

"KINO TRANSFORMATIONS OF HETEROCYCLES ' . The purpose of this 
section is merely to add, to the exhaustive information cited 
In the book, few examples that are considered representative 
and which have aspects that are similar to that encountered 
an the present work (SECTION II. c) . 

2 

3-Propargyl 4-quinazolone (IV) on treatment with 
NaOEi followed by NaOH leads to the formation of^oxazole V 
(CHART T3.I1.1). The most interesting aspect of this trans- 
formation is that the overall change here involves cycli- 
cal: ion to the 4 -oxogrouping of the parent IV, a pathway that 
lias not been encountered in the present work. The overall 
change is envisaged via. a key allenic intermediate arising from 
the isomerization of XV with NaOEt 3 (CHART II.B.l). 

In CHART II. B. 2 Is presented the transformation of a 
bicyclic 1 . 2 , 4 -triazole (Mt) to the isomerio 1, 2,4-triazole 


I 

I 
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CHART II. B. 2 
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(Vll) on l r<w Lmont with aqueous NaOH. The overall trans- 
f 01 null ion upjxn cntly involves a shuffling of the nitrogens. 

Tn real Ity, however, the reaction proceeds via ring opening, 
intt iatod by the protonated intermediate VIII followed by 
rooycl izntion 4 . 

'l'ho transformation of 6-chloro 1, 4 A 5— triazanaphthalene 
(IX) to 4 -nzabenz imidazole (X), brought about with NaNH 2 in 
liquid NH^, represents a complex skeletal reorganization and 
demon st rates the relative instability of multiple nitrogen 
containing 6-membered rings compared to pyridine (chart 
11. H. 1) . The IX ■+ X change can be understood in terms of a 
series of. Intermediates eventually leading to X with extru- 
sion of elements of HCN and chloride ion. Although this 
illustration uses bases stronger than hydroxide, it is, 

novorl he! ess, chosen as a good example of ring-ring 
5 

l* ran a forma Lion . 

An interesting ring-ring transformation is represented 

In the XJ ► XXI (CHART II. B. 4). The change can be readily 

understood in terms of hydroxide mediated Imine hydrolysis 

6 

followed by recycllzation * 

The examples thus far cited involve hydroxide as 
nucleophile. The XIII + X IV change illustrated in 
CHART II. B, 5 represents a fascinating ring-ring transformation 
initiated by hydroxide as a base. The overall change can be 
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undoi fllood In terms of the conjugate base of XIII initiating 

a fragment a Lion reaction, whose driving force is the neutra- 

7 

1 Lx a t Ion of 1 ho charged nitrogen . 

An intorostinq ring-ring transformation, reported 
8 

rcoenllY , ds the base promoted oxazole imidazole change 
involving XV. This reaction which results in the formation 
oT guanine XVI Is noteworthy in the sense that the common 
intoemoddat o XVIT prefers addition involving the nitrogen 
functionality (chart 1 1.13.6). 

An aspect that is latent but nevertheless important 
is the use of such ring-ring transformations in the design 

MV 

of synthetic strategies. 
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CHART II, B. 6 



--COOCH3 

N 

NH 

I 

CH 2 Ph 
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XX.C. PRESENT WORK 


The preceding part describes the development of appro- 
priate experimental strategies leading to the chemical simu- 
lation oT the ATP-Imj dazole cycle. As outlined there, the 
model template nnlhranllamide played a pivotal role m these 
aUuilc'M. The realization of the first step of the cycle, 
namely, t ho incorporation of J;hp„ el extents of formic acid as 
well as that oT the second step involving specific alkylation 
was easily achiev ed on this model leading, to a senes of 
HpociCically 3-substituted 4-quinazolones . However , all 
endeavours to bring about the hydrolytic opening of the 4-oxo 
grouping resulting in the 3,4-tond cleavage - a process ^ 
that is similar to that of the Natural cycle (G HART X . C . 1 
did not succeed. Nevertheless these studies, outlined below, 
aro noteworthy In that they not only demonstrated novel 
transformations of 4-guinazolones but also provided a fuller 
perspective of diverse requisites associated with the bond 
re-organization of the ATP-Imidazole cycle. 


The compounds pertinent to this study are 3 -acyl 
alkylated 4 -quirazolones, which easily provided derived 
products with amines (PART D and 3-acyl amido 4-qumazolones. 
At the outset, it envisaged that these systems would suffer 

hydrolytic cleavage of the 3 , 4 -bond on treatment with dilute 
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iilKnl 1 <uid the resulting open chain systems could undergo 
eye I ivsati on and cleavage, akin to the events of the Natural 
ATI* Imidazole cycle, leading to, respectively, oxazoles and 
oxad iazoJ es, as derived products, regenerating the template 
anlhranilJc acid (CHART ll.c.l : Path A). Parenthetically, 
Pnlh H 1 oprosents the successful simulation studies outlined 
in i ho earlier part. 

The reaction of 3-phenacyl 4-qumazolone (6.)^ in 

refluxing O.b N aqueous NaOH gave a 45% yield of anthranilic 

acid (15), but none of the expected derived product, 

5 -phony! oxazole. Instead, there was obtained, in 37% yields, 

2 

3 -am i no , 2, 4-di phony 1 pyrrole (46), mp 180-18 l°c (lit. 

mp. 1 78-17 9°C) . The structural assignment for 46. is supported 

by spectral data, 


mp ; i 18 0-J81°C (lit, 2 mp 178-179°C) 

. v (KJ3r) cm~S 3430, 3240 ,NH ), 

•* max 

1615 (C«C). 

nTC , 6(CDOl 3 ),60 MEte, 3.67 (br. 2H, -Ufl 2 . exch.D^), 
6.6 (d, J * 3Hz, 1H, 5-pyrrole proton), 

6.87-8.1 (m, UH. -NH and aromatic) 

m/a i 234 (M + ). 
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CHART II.C.1 



XHwCHz, V ” 0 > R — Ph 
49; XH«NH , V^O , R = Ph 


i 

t 

l 


f 
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Tho formation of compound 46., rationalized m 
CHART rr.C. 2, l c floe ts the Importance of addition of elements 
of hydioxido ton to the 1, 2 -bond bf 6., over the anticipated 
enolato addition, that would have led to derived products. 

This adduct opens, rupturing the ring and the resulting 
formumiclo Intermediate undergoes complete hydrolysis to 
iinlhranillc acid, iormic acid and w-amino acetophenone. 

The lal-tf'r on dimer Lzatlon and loss of water would give the 
pyi role , 4 b . 

Support for the proposed sequence in the cleavage of 
6 with dilute alkali has been obtained by studies on model 
systems. The reaction of a variety of 3-substituted 4-quma- 
zolom*n with organometalllc reagents - in the place of dilute 
alkali - gave invariably products arising from the addition 
of tho nucleophilic reagent to the 2-position of the system, 
in this study, the adducts as well as products anticipated 
Prom tho 2, 3-bond rupture were Isolated 3 . Thus, the sequence 
oC events envisaged In CHART II. c.2 Is supported by 
ancillary evidence. Additionally, direct evidence of the 
loss of the 2-carbon as formic acid has been obtained by 
examination of several 3-substituted 4-quinazolones with 
dilute alkali, under conditions usea for the 6 45 + 46 

change. Thus, the reaction of 3-allyl 4-quinasolone (47) with 
dilute alkali gave, in addition to anthranilio acid (45 ) , its 
N-allylamide & which clearly shows that the cleavage of the 
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CHART II.C.2 



2H 2 0 n 

46 


\ 
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3/1 -bond would be l* ho last step under these reaction 
oond 1 1 Ions. The preference for the hydrolytic cleavage of 
t ho ? , 3 over 1,4~bond is also shown in the case of 3-benzamido 
4 -qit inaaol ono (4j)) - a potential precursor for the derived 
product 2 -phenyl 1 , 3, 4-oxadlazole (CHART II.C.l). The 
reaction of 4J) with refluxinq 2N NaOH gave anthranilbenzhy- 
di.r/ldo (.50) - arising from the cleavage of the 2,3-bond and 

3 

loss of formic acid and products of further hydrolysis 
(CHART I] .0.3) 

Cn view of the demonstrated propensity of hydroxide 
ion La add l*o the ( 1,2-bond of quinazolones over any other 
process, It was anticipated that the blocking of the 2-position 
with substituents would reverse the tendency and at the same 
t Imc promote alternate pathways that are part of the antici- 
pated template cycle (ClftRT I.C.l). With this objective 
several 2 -blocked 3 -substituted 4 -quinazolones were prepared 
and their: reactions with dilute alkali studied, indeed, in 
those cases whore additional complications were not present, 
this strategy resulted in the cleavage of the desired 3,4-bond. 

2-Methyl 4 -quinazolone (36.) was prepared from 
acotanthranil and NH^OAc* 


36 s mp 
lr 


s 230°C (lit . 4 mp. 233°C) 

s v av (KBr) cm" 1 ; 3400, 2860 (-NH) , 

v max 


1670 (-CO) 
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CHART II.C.4 


lCOCHjBr 


KOH 


PhCOCH — Br 


PhCOCHjBr 


Ph P 

Cn 2 
! 

Br 


H 


-t< 

COPh 


Br 




178 


The apparently straightforward preparation of 
2-methyl 3-phenacyl 4 -quinazolone 38,, by the reported 

5 

procedure , involving alkylation of the conjugate base of 
3 6 with phenacyl bromide, was, in the event, beset with 
unexpected complications. The reaction gave a compound, 
mp. 135-136°C, in agreement with that reported for 38. and a 
more polar compound, mp. 1 64°c . Surprisingly, inspite of the 
fact that the mp. 135-136°C obtained for one of the products 
matched with mp. 135°C reported for the expected 2 -methyl 
3~phenacyl 4-quinazolone (38_) , its nmr spectrum revealed the 
absence of any— CH^ function and therefore ruled out structure 
38 for this compound. On the other hand, the higher melting 
compound ,mp. 162°C had spectral and analytical properties in 
complete agreement with the desired compound 38,. The yield 
of this compound was 24%. 


3ff mp : 164°C 

ir : v (KBr) cm" 1 ; 1670 (CO), 

max 

nmr : (5 (CDC1 3 ) , 60 MHz : 2.46 (s, 3H, -CHg ) , 5.39 

(s, 2H, -CH 2 COPh), 7.26-8.36 (m, 9H, aromatic) 
m/z 5 278 (M + ) . 


179 


Thus, the nature of the compound, mp 135-136°C had to 
be determined. The nmr spectrum of this compound tended to 
show that it was a mixture of products, although it exhibited 
homogeneity in tic. The general spectral properties of this 
compound indicated that it must have arisen from phenacyl 
bromide alone. This conclusion was soon confirmed by a blank 
reaction involving the treatment of phenacyl bromide with 
dilute alkali, leading to isolation of a substance having a 
similar melting point and spectral properties. The lack of 
purity evident from the nmr coupled with its apparent homo- 
geneity m tic suggested that compound mp 135-136°C was a 
mixture of isomers. This assumption was proved correct on 
treatment of compound mp. 135-136 c with hot dilute alkali 
which led to isolation of compound mp 162°C, whose clean 
nmr spectrum coupled with other spectral and analytical 
properties led to the assignment of structure 5>2b. This 
clarification, in turn, led to the characterization of compound 
mp 13 5-13 6°C as a mixture of isomers, 52a. and 52_b in the 
ratio of 1:4. The structural assignments for 52a and 52b 
were greatly facilitated from studies reported in the 
literature 6 , on the products arising from the self condensation 
of phenacyl bromide m the presence of alkali. However, in 


I 
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the literature, the compound mp 135-1 36°C was considered as 
a pure isomer and was designated as a whilst compound 162°C 
was designated as 8. The nmr spectra and analysis of these 
compounds in the present work clearly shows that the a-form is 
a mixture. Thus, whilst the pure 8, 52b is available the 
pure a, 52a is not known. Excepting for this small discre- 
pancy the structural assignments provided in the literature 
matches with the conclusions arrived at in the present work. 
Finally, the yield of 52a + 52b , mp 135-136°C encountered 
during alkylation was 21%. 


52a * 52b: 

mp : 

13 5°C 


ir : 

v (KBr ) cm' 1 ; 1665 {-CO) 

max 


nmr : 

6(CDC1 3 ), 60 MHZ: 52a + 52b ::1:4, 

3.8 (dd, 52a), '3.9 (d, 52b) , 4.4 <s,52a), 

4.6 (s, 52b), 7.4 (m, aromatic) 

52b s 

mp j 

1 62 °C 


nmr ; 

6 (CDC1 3 ), 60 MHz: 3.9 (d, 2H, -CHgBr) , 

4.6 (s, 1 -CJPCOPh) , 7. 3-8. 2 (m, 10H, 

aromatic) 


As analyzed by earlier workers , the formation of 
52a + 52b could be readily understood on the basis of a base 
promoted Darzen type condensation of phenacyl bromide 
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(CHART IT. C 4). 

The reaction of 2-methyl 3-phenacyl 4-quinazolone ( 38 ) 
with dilute alkali under conditions similar to that used for 
6 gave compound , mp. 205-206°C, which has been assigned structure 
53., on the basis of spectral data. The yield of 53. was 97%. 

53 : mp s 205-206°C 

ir : v (KBr) cm" 1 , 1665 (-CO) 

max 

nmr : fifCDClg), 60 MHz: 5.05 (d, J = 0,5 Hz, 2H, 

allylic coupling) , 6.9 (t, J = 0.5 Hz, 1H) , 

7. 3-8. 4 (m, 9H) 

m/z i 260 (M + ) . 


As anticipated of the structure 53., it readily 
underwent aromatization, even on attempted crystallization, 
in quantitative yields, giving rise to 54. (™P- 185°C) whose 
structural assignment is again fully supported by spectral 
data . 


mp ; 

185°C 


ir i 

V (KBr) cm" 1 ? 3400 (br, -NH) , 

max 

1660 (-CO) 

nmr s 

6 (CDCI3) , 60 MHz i 7.26-8.44 (m, 

aromatic) 

m/z s 

260 (M + ) . 
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The formation of 53^ and 54. could be rationalized on 
the basis of transannular cyclization involving the conju- 
gate base arising from the 2-substituent (CHART II. C. 5). 

Although 2-methyl 3 -substituted 4-quinazolones are 
known to form conjugate bases arising from the 2-substituent 
under similar conditions , the total control exhibited by 
this grouping in the 38. -*• 53. change is extremely surprising, 
particularly m the light of the fact that the 3-phenacyl 
ligand possesses an equally acidic -CH 2 function. Indeed, 
the conjugate base of this could have interacted with the 
1,2-bond of 38., eventually leading to derived products 
(CHART II.C.l). In any event, the above experiment clearly 
showed that of the four possibilities available, namely, 
alkaline cleavage of either the 3,4 or 2,3-bond and reactions 
arising from the conjugate bases involving either the 3 or 2 
substituent, the last pathway is overwhelmingly preferred. 

The present work has provided an excellent method for novel 
systems of the type 54. starting from simple precursors. 

The clean 38. -* 53 transformation could mean the res- 
trictive formation of the conjugate base of the methyl, 
substituent, thus providing a unique pathway for the change. 

To test this, compound 3 8 was stirred at rt. with 3 equivalents 
of NaH in DMSO for 24 hours. Surprisingly, work-up yielded 
essentially the starting material. Similar results were 
obtained even in refluxing dioxan. The NaH experiments can be 
understood on the basis of formation of extensive conjugate 
base formation involving the 3 -ligand, which precludes 
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cyclizations involving the conjugate base of the 2-substi- 
tuent . 

The intramolecular cyclization on alkali treatment of 
3JL that was responsible for the non-observation of the 3,4 
cleavage would not be of importance in the case of 2-methyl 

3- benzamido 4 -qumazolone ( 56 ) because of the vastly reduced 
electrophilic character of the 3-substituent . 2-Methyl 

3 -benzamido 4 -quin azolone {5_6 ) 9 was prepared by an improved 
procedure in 85% yield by reaction of 3-amino 2-methyl 

4 - quinazolone (55.) with benzoyl chloride/pyridine. 

56.: mp i 18 2°C (lit. 9 mp 182°C) 

ir : V ma x (KBr) ctn ~ 1 < 3 180 (-NH) , 1700 {-CO), 1670 (-CO) 
nmr : $(CDC1 3 ), 60 MHz: 2.4 (s, 3H, -C « 3 ) , 7. 0-8. 2 

(m, 9H, aromatic), 9.6 (s, 1H, exch. D 2 0, NH) . 

The reaction of 5j5 in refluxing IN NaOH, gave an 

acid, mp 245-246°c, which afforded in quantitative yields, 

the corresponding methyl ester, mp 159-161°c. This compound 

has been assigned structure 58, on the basis of spectral 

and analytical data. The carboxylic acid mp 245-246°C 

therefore possesses structure 57. The isolation of the 

triazole carboxylic acid 57 in 35% yields is in contrast to 

the reported failure to isolate products on treatment of 56 

1 0 

with dilute alkali (CHART II. c. 6). 



CHART II.C.5 
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6: R ~ Me ; R' = Ph 53 R = Me ; R' = Ph 

1: R = R ' - Ph 
U : R « Me j R'= t Bu 



57: R = Me ; R'~ Ph 58 : R - Me ; R'= Ph 

62: R = R'=Ph 63 : R = R'= Ph 
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57.: 

mp : 

245-246°C 

58 * 

mp : 

159 -1 61°C 


ir : 

\ ax (KBr) cm -1 ; 1720 (-CO) 


nmr : 

S(CDC1 3 ),60 MHz : 2.3 (s, 3 H, -CHU), 3.6 (s, 

3H, -COOCH^), 7. 2-8. 2 (m, 9H, aromatic) 


m/z : 

293 (M + ), 234 (M + - COOMe) 


The formation of compound 57_ must involve the 
anticipated 3, 4 -bond cleavage - parallel to that of the 
ATP-imidazole cycle (CHART I.C.l) - leading to the carboxylic 
acid intermediate 59.. Either the isolation of 59. or its 
further transformation along the pathways of the Natural 
cycle and initiated by addition to the 1,2-bond, was not 
possible because of the pronounced tendency to form the 
trd&zole ,57, promoted by processes involving the appropriate 
amldine nitrogen. It appears that the 2-substltut ion of the 
qulnazolone not only prevented the unwanted acceptance of 
hydroxide at this position - which results m the 2,3-bond 
rupture - but also blocked the intramolecular cyclizatlon 
at this site, a necessary step towards formation of the 
daughter products. 

The realization that the desired 3,4-bond cleavage 
could be achieved by the incorporation of a 2 -substituent, 
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made it attractive to isolate the product arising from the 
primary cleavage, since, it could be transformed to 
daughter products under a variety of conditions. It was hoped 
that this might be accomplished by incorporating a suffici- 
ently bulky substituent that would also prevent the formation 
of triazoles. 

With the above obj ective, 2 -phenyl 3-benzamido 
1 2 

4 -quinazolone (61J was prepared by reaction of 3-ammo 
2-phenyl 4-quinazolone (60) ^ with benzoyl chloride/pyridine 
in 74% yields. 


61.: mp : 200°C (lit. 11 mp 202°C) 

ir : V (KBr) cm” 1 ; 3160 (-NH) , 1710 (-CO), 
nax 

1670 (-CO) 


A suspension of 61_ in IN NaOH was refluxed for 12 hours. 
The clear solution on cooling precipitated a sodium salt of an 
acid which on acidification yielded a carboxylic acid, 
mp. 319-320°C. This acid gave in quantitative yields the 
corresponding methyl ester whose structure has been established 
as the triazole 63., on the basis of spectral and analytical 
data. Consequently, the carboxylic acid has structure 62.. 

The isolation of the acid 62. in 50% yields from 61 follows a 
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64. : mp : 

164-166°C 


ir : 

V (KBr) cm" 1 ? 3300 (-NH), 

1718 (-C0), 


1675, 1615 


nmr : 

6 (CDC1 3 ), 60 MHz: 1.4 (s, 9H 

, fc Bu)- 2.4 (s, 3H, 


-CH^), 7. 4-8. 5 (m, 5H, aromatic). 


However, the reaction of 64. with dilute al'kali, under 
a variety of conditions, gave intractable glassy solids. 

The reaction corresponding to the 3,4-bond cleavage 
of these models takes place in the Natural cycle (CHART I.C.l) 
in a purely hydrolytic manner. Consequently, it was felt 
that the action of water alone on models such as 61. could 
provide alternate, hopefully desirable pathways. In the event, 
the reaction of 61 with distilled water m a sealed tube at 
200°C gave, on careful chromatography, 3,4,5-triphenyl 1,2,4- 
triazole (65, 8%) , 2-phenyl 4-quinazolone (66., 8%) 

benzamide (62, 19%), benzhydrazide (68.- 15%) a n<3 benzanilide 
(69, 41%). 

296-297°C (lit. 12 mp 299°C) 

297 (M + ) 

229°C (lit. 13 mp 223°C) 

126-128°C (lit. mp 128-129°C) 

122 (M+l ) + 


65 s mp - 
m/z : 
66 : mp t 
67 : mp : 
m/z : 
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68 : 

mp : 

110- 

-112°C 


m/z j 

136 

(M + ) 

£9 : 

mp : 

163- 

-164°C 


m/z : 

197 

(M + ). 


(lit. mp 11 2°C ) 
(lit. mp 162“164°C ) 


The rationalization of the multitude of products from 

61. with water are given in CHART II. C. 7. The genesis of all 

the observed products can be best understood on the basis of 

the expected 3,4-bond cleavage. The open carboxylic acid 

Intermediate thus formed could undergo either cyclization 

leading to triazole 65_, or complete hydrolysis giving rise to 

anthranilic acid and dibenzhydrazide . The latter on hydrolysis 

could lead to benzoic acid and benzhydrazide, which, being a 

recognized di-inude precursor, could reduce 6JL. to 2-phenyl 

4 -quinazolone ( 66 ) and benzamide (67). Systems similar to .61 

1 4 

are' known to undergo reduction leading to 4-quinazolone (4.) . 
The formation of benzanilide could be explained on the basis 
of the reaction of benzoic acid with aniline, arising from 
decarboxylation of anthranilic acid. Thus, it appears that 
this interesting hydrolytic experiment led to practically 
every possible mode of cleavage, an important exception being 
the formation of the anticipated derived product, namely, 
2,5-diphenyl oxadiazole. Parenthetically, blank experiments 
have established that dibenzhydrazide does not form the 
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oxadiazole under the conditions of the hydrolytic cleavage 
and consequently it must, if at all, arise from the open 
chain carboxylic acid intermediate. 

The spectrum of experiments described above, could 
have led to the demonstration of the generation of oxygen 
heterocycles on anthranilic acid template. The infructuous 
outcome must be attributed to the deficiencies in planning 
rather than to the proposition that it may not be possible to 
extrapolate the template synthesis of imidazole - along the 
lines of the ATP-Imidazole cycle - to other heterocycles. 
Further work would, hopefully, provide a satisfactory solution 
eventually. 
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II. E. EXPERIMENTAL 15 

I. The reaction of 3-phenacyl 4 -quinazolone (.6) with 

aqueous alkali: Isolation of 3-amino 2,4-diohenvl pyrrole 
( 4 6 ) and anthranilic acid ( 45 ) : 

A suspension of 6 (0.310 q, 1.17 mmol) in aqueous NaOH 
(0.6 N, 30 ml) was refluxed for 16 hours, cooled, extracted 
with ethyl acetate (3 x 25 ml), dried, evaporated, and the 
residue on crystallization from ethanol gave greenish yellow 
needles, 0.103 g (37%) of 46., mp 180-181°C (lit.^ mp 178-179°C). 

tic : PhH :EtOAc ::80 :20; Rf . 0.7 

ir 9 V (KBr) cm" 1 , 3430, 3240 (-NH ) , 1615 

(C=N) 

nmr : 6(CDC1 3 ), 60 MHz r 3.67 (br, 2H, exch. D 2 0~NH 2 ), 

- 6.6 (d, J = 3 Hz , 1H, 5-pyrrole proton), 

6.87-8.1 (m, 11 H, -NH and aromatic) 

m/z 234 (M + ). 

The aqueous layer was adjusted to pH ~7 with 2N H 2 S0 4 , 
extracted with CH 2 C1 2 (3x20 ml)* dried, evaporated and the 
residue on crystallization from benzene gave 0.073 g (4 5%) 
of 45, mp 1 4 4°C (lit. mp 144-146°C). 
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II. 2-Methyl 4 -quinazolone (36) 

Acetanthranll : 

A mixture of anthranilic acid ( 45 ) (28 g, 204 mmol) 

and AC2O (100 ml) was refluxed for 2 hours, solvents evapo- 
rated in. vacuo and the residue on crystallization from 

o 4 

CCl^/hexane gave 24 g (72%) of acetanthranll, mp 79 C (lit. 
mp 82° C) . 

2-Methyl 4 -qxiinazolone (36) t 

A mixture of acetanthranil (32 g, 200 mmol) and NH^OAc 
(35 g, 4 50 mmol) was held at 170-18 0°C for 0.2 hour , cooled 
and crystallized from hot water to yield 14 g (43%) of 36., 
mp 230°C (lit. 4 mp 233°C). 

tic : PhH : EtOAc • : 20: 80 ? Rf. 0.3 

ir : v (KBr) cm -1 ? 3400, 2860 (-NH) , 1670 (-CO) 

tnsx 

III. The reaction of 2-methyl 4-quinazolone ( 3 6) with 

phenacVl bromide; Preparation of 2 -methyl _3-phen acyl 
4 -quinazolone ( 38 ) and isolat ion of phenacyl bromide 
condensation products 52a + 52b 

Phenacyl bromide (12.13 g, 61 mmol) was added to a 
solution of the potassium salt of 2-methyl 4-guinazolone 
( 36 ) " prepared from 36 (10.66 g, 66.6 mmol) and 1M KOH in dry 
ethanol (95 ml) - left stirred at rt. overnight, the f literate 
evaporated and the residue chromatographed on silica gel. 
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Elution with PhHrEtOAc ::90:10 gave a compound, mp 135°C 
which was subsequently identified as mixture of 52a + 52b , 
yield 2g (21%). 


tic : 

PhH. EtOAc r?50 :50? Rf. 0.8 


ir : 

v max (KBr) cm -1 ? 1665 (-CO) 


nmr : 

6(CDCl 3 ), 60 MHz: 52a + 52b :: 1 :4 , 

3 . 8 (dd , 52a) , 


3.9 (d, 52b), 4.4 (s, 52a), 4.6 

7.4 (m , a r ) . 

(s, 52b) , 

Further 

elution with PhH: EtOAc r70 :30 gave 

4.5 g (24%) 

38 , mp 164 

°C 


tic ? 

PhHrEtOAc r: 50 :50? Rf. 0.4 


Anal. Cald. for C 1? H l4 N 2 0 2 (Mol. Wt. 278) 
C, 73.3; H, 5.0? N, 10.0% 


Found : 

C, 73.1? H, 4.7, N, 9.97% 


ir ; 

: V mav (KBr) cm" 1 ? 1670 (-CO) 

Ulo A 


nmr : 

6(CDC1 3 ), 60 MHz: 2.46 (s, 3H, - 

CH 3 ), 5.39 


{s, 2H, -C H 2 CO Ph ) , 7.26-8.36 (m, 

9H, aromatic) 

m/z : 

278 (M + ). 



IV, The reaction of phenacvl bromide with methanol fc K P.H? 
Isolation of 52a + 52b 

A solution of phenacyl bromide (0.154 g, 0.8 mmol) in 
0.25 M KQH (3 ml) was left stirred at rt. for 2 days, filtered 
and evaporated. Preparative tic using benzene gave 0.078 
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(32%) of 52a + 52b , mp 135-136°C. 

V. Isomerization of 52a + 52b ■+ 52b 

A solution of 52a + 52b (0.100 g, 0.3 mmol), mp 
1 35-13 6°C ) in 0.06 M KOH (5 ml) was refluxed for 0.5 hours 
and evaporated. Preparative tic using benzene as developer 
qave 0.044 g (44%) of 52b , mp 162°C. 

tic : PhH: EtOAc : . 50 50? Rf . 0.8 

nmr : 6(CDC1 3 ), 60 MHz : 3.9 (d, 2H f CH 2 Br), 4.6 

(s, 1H, CH-COPh) , 7. 3-8. 2 (m, 10H, aromatic). 

VI. The reaction of 2-mefchyl 3-phenacyl 4-qulnazolone w ith 
aqueous alkali: Isolation of th e tricyclic compound 52 

A suspension of 38 (0.826 g, 2.97 mmol) in 7.5 N NaOH 

(40 ml) was refluxed for 14 hours, cooled, acidified with 
2N (pH ~ 3), extracted with CH 2 CI 2 (3x20 ml), dried 

and evaporated to give 0.746 g (97%) of 53, mp 205-206 C 


tic 

: PhH : EtOAc :: 70 :3 0? Rf . 0.6 


ir 

V (KBr) cm S 1665 (-C0 ) 

max 


nmr 

; 6(CDC1 3 )* 60MHz; 5.05 (d, J=0*5Hz, 

2H, 


allylic coupling), 6.9 (t, J = 0.5 Hz, 

1H) , 


7. 3 -8. 4 (m, 9H) 


m/z 

: 260 (M + ). 
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VII. The thermal aromatization of 53? Isolation of the 
aromatic tricyclic system 54. : 

Crystallization of 53., either from hot CF^Cl^ or from 
hot benzene led to quantitative isomerization to the aromatic 
compound 54_, mp 18 5°C. 

tic : PhH ;EtOAc .-:7 0 30? Rf. 0.6 

lr ’ * Vx (KEr) cm -1 ; 3400 (br, -NF) , 1660 (-CO) 

nmr « 6 (CDCl^ ) , 60 MHz~ 7* 26-8. 4 4 (m, aromatic) 
m/z 5 2 60 (M + ). 

VIII. 2 -Methyl 3 -amino 4-quinazolone ( 55 ) 

A mixture of acetanthranil , (5 g, 31 mmol) from 
(Experiment II) and 85% hydrazine hydrate (4 ml) was refluxed 
for 0.1 hour , the clear solution cooled, filtered, washed with 
benzene and dried to yield, 2g (37%) of 55, mp 147-148°C 
(lit . 8 mp 148°C ) , 

IX . The reaction of 2-methyl 3-benzamido 4-quinazolone 

( 56 ) with aqueous alkali : Isolation of 1- (o-car boxyphenyl)- 
3 -phenyl 5 -methyl triazole 57 

2-Methyl 3-benzamido 4-quinazolone (56): 

This compound was prepared by an improved procedure. A 
mixture of 2 — methyl 3 — amino 4— quinazolone (7 g, 0.04 mmol) , 
benzoyl chloride (5.5 ml, 0.047 mol) and pyridine (10 ml, 
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0.123 mol) was stirred at rt . overnight, poured onto cold 
water ( ~ 2 00 ml), extracted with ^ x *00 ’Til)' washed 

with water, dried and evaporated. The residue on crystalli- 
zation from benzene -hexane gave 9g (85%) of 5 6 , mp 18 2°C 
(lit . ^ mp 1 8 2°C ) . v 

tic 5 PhH: EtOAd _*7 0 :30, Rf. 0.5 

ir 1 v m . v (KBr) cm" 1 , 3180 (-NH) , 1700 (-CO),1670 (-CO) 

Tlci A 

nmr : 6 (CDC1 3 ) , 60 MHz: 2.4 (s, 3H, -CH 3 ) , 7 0-8.2 

(m„ 9H, aromatic), 9.6 (s, 1H, exch. D^O, NF) . 

Hydrolysis of 56 : 

A suspension of 5^6 (3.5 g, 0.013 mol) m IN NaOH (50 ml) 
was refluxed for 12 hours, cooled, extracted with ethyl acetate 
(5 x 50 ml) to rehiove 0 , 6g of unchanged 5j>, the aqueous layer 
acidified with 2N H 2 S0 4 , filtered, dried and crystallized from 
hot MeOH to give 1 . 2g (34%) of 57, mp 245-246°C. 

X. The reaction of 57 with diazomethene : Preparation of 
triazole methyl ester 58. 

A methanol ic solution of 57 was transformed with 
diazom ethane in quantitative yields to 58., mp 159-161 C. 
ir : V (KBr) cm" 1 : 1720 (-CO) 

: <S(CDC1 3 ), 60 MHZ: 2.3 ( s , 3H, -CH 3 ), 3 - 6 ( s ' 3H ' 

-COOC]l 3 ), 7. 2 -8. 2 (m, 9H, aromatic) 


nmr 
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m/z ^ 293 (M + ), 234 (M + -COOMe) 

XI. 2-Pnenyi 3 -ammo 4-quinazolone ( 60 ) 

Benzanthranil : 

A mixture of anthranilxc acid (45.) (2.74 g, 20 mmol), 

pyridine (50 ml) and benzoyl chloride (5.6 g, 40 mmol) was 
stirred at rt. overnight, poured onto water (~ 250 ml), 
filtered and the residue on crystallization from hot water 
gave 3.2 g (72%) of benzanthranil, mp 123°C (lit. 123°C). 

2-Phenyl 3-amino 4-qumazolone ( 60 ) : 

A mixture of benzanthranil (2.6 g, 11.6 mmol) and 85% 
hydrazine hydrate (15 ml) was refluxed for 2 hours, the clear 
solution cooled, filtered and recry sta 11 ized from alcohol to 
give 2.2 g (80%) of 6J3, mp 176°C (lit.® mp 177°C). I 

XII. The reaction of 2 -phenyl 3-benzamldo 4-quinazolone 

( 61 ) with aqueous alhali r Isolation of 1- (o-carboxyphenyl); 
2,5-diphenyl triazole (62) : 

2-Phenyl 3-benzamido 4-quinazolone (61.)* 

A mixture of 2 -phenyl 3-amino 4-quinazolone (60.) J 

(4.6 g, 0 0194mol) t benzoyl chloride (2.8 ml, 0.024 mol) and 
pyridine (20 ml* 0.246 mol) was stirred overnight at rt., j 

poured onto cold water ( ~ 200 ml), filtered, washed with cold j 
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pathway precisely similar to that of the methyl analog 56 . 


62 : mp : 

63 : mp : 

ir : 
nmr : 


m/z : 


31 9-320°C 
208-210°C 

v max (KBr) cm ~ 1? 1720 (- co > 

6{CDC1 3 ), 60 MHz: 3.55 (s, 3H,_COOCH 3 ), 7 . 2-8 . 0 

(m, 14H, aromatic) 

355 (M + ), 295 (M + - COOMe) . 


The above experiments have shown that either the 
2-methyl or 2-phenyl substitution of 3-benzamldo 4-qumazolone 
leads to the expected cleavage of the 3,4-bond m preference 
to the rupture of the 2,3 linkage encountered in the unsubsti- 
tuted cases. However, further transformations along the 
desired pathway (CHART II.C.2)were thwarted because of propen- 
sity of the 1-nitrogen to add to the amido function leading to 
triazoles. It was felt that the latter tendency can be made 
quite unfavourable by sterically shielding the amide carbonyl. 

With this aim 2-phenyl 3-pivaloylamino 4-qumazolone 
( 64 ) was prepared by the reaction of 2-phenyl 3-amino 4-quina- 
zolone with plvaloyl chloride/pyridine in 50% yields. 
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water and crystallized fro™ ethyl acetate hexane to give 
5 g (74%) of 61, mp 200°C (lit. 11 mp 202°C). 

tic : PhH: EtOAc : 80.20, Rf. 0.4 

ir : \ax (KBr) cm" 1 , 3160 (-NH) , 1710 (-CO), 

1670 (-C0 ) . 

Hydrolysis of 61.: 

A suspension of 61_ (1.2 g, 0.003 mol) in IN NaOH (25 ml) 
was refluxed for 12 hours, the clear solution cooled, the 
precipitated sodium salt collected, acidified with 2N H 2 SO^ 

( ~ 30 ml), left stirred overnight, filtered and crystallized 
from hot methanol to give 0.6 g (50%) of .62, mp 319-320°C. 

XIII. The reaction of 62. with diazomethane: Preparation of 
triazole methyl ester 63* 

A methanolic solution of .62. was transformed with 
diazomethane in quantitative yields to 63., mp 208-210°C. 

Anal. Cald . for C 2 2 H 17 N 3°2 (Mo1 * m ’ 355) 

C, 74.3; H, 4.7; N, 11.8% 

Found i C A 74.5; H, 5.3; N, 11.9% 
ir 1 V ma x {KBr) cm ~ 1; 1720 ( ' co) 

nrar : ,S(CDC1 3 ), 60 MHZ: 3.55 (s, 3H, -COOCH3), 7. 2-8.0 
(m t 14H, aromatic) 

m/z : 355 (M + ) , 295 (M + - COOMe) . 
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XIV. The reaction of 2-methyl 3-amino 4-quinazolone ( 55 ) 
with pivaloyl chloride : Preparation of 2-methyl 
3-pivaloyl amino 4 -quinazolone ( 64 ) 

A mixture of 2 -methyl 3 -amino 4 -quinazolone (2.9 g, 
0.016 mol), pyridine (1.6 g, 0.02 mol) and pivaloyl chloride 
(2 g, 0.016 mol) and dry 'benzene (100 ml) was refluxed for 
12 hours, evaporated and the residue chromatographed. Elution 
with PhH: EtOAc :: 7 0 :30 gave 2.1 g (50%) of j$4_, mp 164-166°C. 

tic s PhH: EtOAc :. 70 :30, Rf. 0.6 


Anal. Cald. for c i 4 H i 7 N 3 

0 2 (Mol Wt. 259) 

C, 64.8; H, 

6 5; N, 16.2% 

Found; C, 64.8; H, 6.0; 

N, 16.8% 

ir : v> (KBr) cm"' 1 , 

max 

3300 (-NH) , 1718 (-CO) , 

1675, 1615 


nmr : 6(CDC1 3 ), 60 MHZ 

• 1 4 (s, 9H . t Bu) , 2.4 


(s, 3H, -CH^ ) , 7. 4-8. 5 (m, 5H, aromatic). 

XV. The reaction of 2-pheny.l 3-benzamxdo 4-quinazolone (61) 

with distilled water at 200°Cr Isolation of 1 , 2, 5-triphenv l 
triazole (65.), 2-phenyl 4-quinazolone (66.), benzamide (67.), 
benz hydra zide( 68 ) and benzanilide (69) • 

A suspension of 61 (0,3 g, 0.9 mmol) m distilled water 
(3 ml) was sealed and held at 200°c for 12 hours. Five such 
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batches so processed were cooled, cautiously opened, 
extracted with ethyl acetate, evaporated and chromatographed. 


Eluent 

PhH: EtOAc 

Compound 

Yield ( %) 

mp 

lit .mp 

m/z 

9 5 :5 

69 

0 35 g (41) 

163 -164°C 

1 62-1 64°C 

197 

(M + ) 

90 d.0 

67 

0.1 g (19) 

126-128°C 

128-129°C 

122 

(M+l) 

60 :40 

66 

0.08 (8) 

229°C 

223°C 13 



50 :50 

65 

0.1 g (8) 

296-297°C 

299°C 12 

297 

<M + ) 

10 30 

68 

0.09 (15) 

1 10-112°C 

1 12°C 

136 

(M + ) 
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